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\\ INTRCDUCTION
A 3
There is an ever increasing need for quantitative information concerning
everyday astronomicil events as they affect the range of private, civil and
military activities. The information most needed is usually one or a combination
of the following:
1. rise and set times of the Sun and Moon,
2. beginning and ending times of twilight,
3. total number of daylight hours,
4. maximum height of the Sun or Moon above the horizon with
corresponding time of occurrence,
5. at specific instants, the angular distance of the Sun or Moon from
the horizon and from a cardinal direction,
6. the amount of natural light at a designated time of day or nigh/t.,

These data not only may differ from day to day (cdntiﬂuously in the case of 5.
and 6.), but also differ appreciably as experienced at one place on the Earth as
opposed to another, even at the same instant.

I>‘D¢:spit¢: the calculational complexities mplied, it is possible not only to
satisfy the needs for all such data in a straightforward way, but also to piace
appropriate tools for producing the data directly into the hands of those who need
it. This publication is intended for a large number of people who have
requirements for the type of data listed, but whose education has placed no special
emphasis on astronomy. In what follows there are the means for calculating the
needed information cither by one of the self-contained computer routines provided,
or by use of tables, diagrams (also included) and simple arithmetic. _There is no
requirement to understand the theory of the calculations; and the mithematical
development is not given. To properly specify the quantities required by the
calculations and to properly interpret the results however, the associated
terminology should be familiar. Section I, therefore, is a list and discussion of
terms.

Electronic computing has stecadily become more accessible and inexpensive.
Accordingly, three versions of a self-contained computing routine are described and
provided in Section I1. The first is a FORTRAN program for use with a variety of
personal (and larger) computers for which FORTRAN compilers are available. A
version in BASIC is provided to use with personal computers for which that
programming language is appropriate. A third program, also in BASIC (but in a
separate dialect) is given. It was designed for so-called pocket computers and
powerful, programmable calculators which incorporate BASIC interpreters. For
successful implementation of a computer routine, the user must learn how to use the
specific device and must satisfy the syntax requirements of its compiler or
interpreter.




Use of a computing device is not always possible. But it is possible to
obtain the same data, at least fo1 the Sun, from the tables and diagrams which are
included here, with instructions, as Section IIL.

The methods used to construct the tables, graphs and computer codes are
approximate and give times of events to the nearest minute and angles to the
nearest degree. At latitudes less than 60 degrees, the output of the computer
routines should agree with more refined calculations to within one or two minutes
of time. The tables may be expected to give less precise times (up to four minutes
in certain cases) on account of those compromises in their construction which
maintain simplicity. At extreme North and South latitudes more exacting
calculations are generally necessary to achieve one minute of time precision; and
in comparisons, the computer routines provided here produced errors of up to four
minutes and, in one case, failed to find a phenomenon altogether. Although it is
possible to improve the precision of both the computer procedure and the tables,
the improvements are not justified for several reasons:

1. the price to be paid would be much larger, slower computer code in
the first instance, and a lengthy, complex table look-up and
calculation process in the second;

2. the user would be required to specify geographic coordinates and
the instantaneous orientation of the Earth in space, define the
actual terrain and measure atmospheric parameters to an accuracy
that is not attainable except in extraordinary circumstances;

3. rising, setting and twilight are always physically uncertain to
some extent, and definitely so at extreme latitudes;

4. a critical examination of the conduct of any human activity almost
always dcmonstrates that very precise times of astronomical events
and precise light levels are simply not needed.

The computer and tabular procedures were designed to be valid for the 30 year
period beginning at 1985. If used beyond this interval, the degradation in
precision will be gradual but definite.




SECTION 1
Description of Terms

This section is meant to be read from the beginning. Terms are introduced as
needed or as they occur; consequently, they are not in alphabetical order.

Merldlan: At any point on the Earth one might imagine a line that passes through
that point and meets the North and South poles. Such a line, known as the
meridian, also intersects the Earth's equator at right angles. Any point on the
Earth has only one meridian, but each meridian passes through many points.

Latltude, Longltude: In order to unambiguously specify the location of a point on
the Earth, two numbers (called coordinates) are needed. Onc of the numbers is the
latitude, or the distance of the point from the equator. Latitude is expressed as
an angle and measured northward or southward from zero degrees at the equator,
along the meridian of the pcint, to the point itself. The other required number is
the longitude, which is the distance of the meridian of the point from a reference
(prime) meridian. Longitude is also expressed as an angle, and it is measured
castward or westward, from the prime meridian which passes through Greenwich,
England, to the meridian of the point of interest. In this system of coordinates,
the maximum possible latitudes are 90 degrees North, which is the position of the
North Pole, and 90 degrees South, which corresponds tu the South Pole. At 180
degrees West or East of the prime meridian is the International Date Line (certain
parts of the Date Line depart from 180 degrees in order to accommodate geographic
boundaries) and 180 degrees is the maximum value (limit) of longitude. See Figure 1.
The latitude and longitude of a place must be known in order to use the
materials in the next two sections. There are many sources for coordinates. For
example, an atlas or gazetteer is a convenient reference. Survey records as well as
maps and charts issued by governments are usually obtainable. Coordinates may be
obtained directly from various navigation systems now in use; certainly during long
distance travel in open ocean the navigation-determined position is the only
source. Appendix A to this publication lists coordinates for many locations in the
United States. The user should be aware that the conventional manner of stating
coordinates is degrees, minutes (and sometimes also seconds) of arc. For computer
input degrees and decimals of a degree is the more convenient form.

Date, Time: The complete statement of an event such as sunset or an instantanecus

position such as the altitude of the moon, relative to a location on the Earth,

must include the date (year, month, day) and time of day. Specification of the

date (in the Gregorian Calendar) poses no special problem; but one complication may
arise and it will be discussed below. The time of day may be stated in several

ways. Local Mean Time, although not an everyday term, arises naturally during the
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Figure I -- In this representation of the Ecrth, the North and South poles are at N
and S, the equator is denoted by the arc WABE and the center of the Earth is at
point O. Arc NCAS is the Local Meridian of the point C on the surface of the
Earth: arc NBS is the Prime Meridian. Arc AC is the latitude of point C and is
equal to the angle between the lines OC and OA. Arc BA is the longitude of point C
and equal to the angle between the lines OB and OA.




procedures of Sections II and III. It is a measure of time referred to the
meridian of the location of interest. As such, it is an isolated time measure of
no importance to any other meridian.: Times which are the input and output
quantities of the computer routines may be expressed as Local Mean Time at the
users discretion.

The most widely used system of specifying time is that of Zone Time or
Standard Time. In that system, the Earth’s 360 degree circumference is divided
into 24 zones; and at all locations within each zone, all clocks are set to the
same hour and minute. From any zone to the next adjacent zone, the Standard Time
differs by exactly one hour. The geometrically obvious method for dividing the
Earth into 24 zones is to place the boundaries at integral multiples of 15 degrees
in longitude. In practice, the limits are established by considerations of
commerce, transportation and political boundaries. On a global scale, the
departures from uniform 15 degree divisions are small, and the methods of the next
two sections provide for time adjustments based on zones that are exactly 15
degrees apart. An additional practical complication for the Standard Time zene
system is a scasonal on¢ in which the legal time for a political entity may be
temporarily advanced by one or more hours. The dates of the year when these
periods are in effect vary among the countries of the world which use such Daylight
(Savings) or Summer Time and no general guidelines can be given for converting to
and from Standard Time, except to note the necessity for the user to maintain
awareness.

Jniversal Time, equivalent to the previously used Greenwich Mean Time for
ordinary purposes, is the time kept on the Greenwich meridian -- at zero degrees
longitude. It is widely used clsewhere, especially for purposes of long distance
communication, since it avoids questions of zone boundaries and advanced time. The
computer routines of Section Il incorporate provisions for the use of Universal
Time, under control of the user, and a table is given in Section I for adjusting
among Mean, Zone and Universal Time systems for calculations without a computer.

When the longitudes of two places differ considerably and Universal Time is
used, it is convenient. to maintain time in a 24 hour notation, as it eliminates the
suffix A.M. or P.M. from calculations and thereby reduces the chance for blunders.
In the 24 hour notation, which maintains its advantage when computing with zone or
mean time, the hours from midnight beginning the day until noon are the same as
ordinary clock time. From noon until the end of the day, the hours are denoted by
the numerals 12 through 23. When this system is used, the minutes part of the hour
arc appended to the hour to form a 4 digit number, without a colon separating the
two. Thus, for example, 8:15 AM. is written 0815 and 9:47 P.M. becomes 2147. The
advantages of the 24 hours notation are so great that it is used throughout the
remainder of this publication.

When the end result of calculation by the methods of the next sections produce
one or more times exceeding 24 hours, the time or times may be adjusted by 24 nours
provided the calendar date is advanced by one day. The computer rcutines should
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never yicld negative times, but the calculations of Section III may. In those
cases, 24 hours may be added to make the times positive, provided the calendar date
is also retarded by one day.

Merldlan Passage: For any specific meridian, the Sun will cross it at some instant
during the course of a day. Put another way, at any arbitrary time during a day,
the Sun is crossing some meridian of the Earth. These statements are true even for
arctic regions where the Sun may not be visible for moaths. Generally, the same
statements may be made for the Moon. However, about once per month the Moon may
cross a particular meridian a little before the midnight beginring a day and again
a little past the midnight beginning the next day, so that there is no crossing on
the day itself. Neither the Sun nor the Moon cross any specific meridian at
exactly the same time every day; but since the crossings are significant in several
applications, the times of occurrence may be calculated. The time when the Sun or
Moon crosses the meridian of a place is designated meridiaa passage.

Horizon: Wherever one is located on the surface of the Earth, the Earth in the
immediate vicinity appears essentially as a flat plane, while the sky appears much
like the interior of a sphere or dome. The horizon is the intersection of the sky
with the plane and appears to be a large circle with its center at the observer,
just as the sky appears as one-half of a large sphere also centered at the

observer.

Rlse, Set: During the course of a day the Earth rotates once on its axis causing
the phenomena of rising and setting. All celestial bodies, stars and planets
included, seem to appear in the sky at the horizon to the East of any particular
rlace, then to cross the sky and again disappear at the horizon t: the West. The
mast noticeable of these events, and the most significant in regard to ordinary
afrairs, are the rising and setting of the Sun and Moon. Because the Sun and Moon
appear as circular disks and not as points of light, a definition of rise or set

must be very specific, for not all of ecither body is seen to rise or set at once;

and the quantitative information that is usually required is thc time at which a
rise or set occurs. Therefore, sunrise and sunset are considered to occur when the
upper edge of the disk of the Sun appears to be exactly on the horizon. The same
statement applies to the Moon.

The times of rising and setting produced by the methods in this publication
refer to the upper edge of the Sun or Moon. In addition, the computed times are
for a horizon that is unobstructed relative to the location of interest, the
atmospheric conditions are average and the location is in a level region on the
Earth's surface.

For points on the Earth North of the Arctic Circle and South of the Antarctic
Circle, rising and setting do not occur at an unbroken daily interval. There are
days when the Sun and Moon do not rise or do not set. In limiting cases during the
solar year, and during the lunar month, rising and setting are physically uncertain
at such extreme latitudes. ’
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Length of the Day: The total number of hours of daylight refers to the interval
from the moment of sunrise until that of sunset. The meaning of the expression
length of the day is somewhat arbitrary since there is some indirect sunlight
available before sunrise and after sunset. Associating the length of the day with
the discrete events of rise and set permits a definite measure of time to be
assigned to the interval of daylight.

Twllight: Before sunrise and again after sunset there are periods of time,

twilight, during which there is natural light provided by the upper atmosphere,
which scatters sunlight. Some outdoor activities may be conducted without
artificial illumination during these periods, and it is useful to have some means

to set limits beyond which a certain activity must be assisted by artificial

lighting if possible or, if not, then terminated. The major determinant of the
amount of natural light during twilight is the atmosphere. Nevertheless, it is
possible to establish useful though necessarily approximate limits applicable to
large classes of activities by considering only the position of the Sun below the
local horizon. Several arbitrary but reasonable definitions have evolved. Thus,
civil twilight begins in the morning and ends at sunrise or begins at sunset and

ends in the evening when the Sun is geometrically six degrees below the local
horizon. Before morning civil twilight and after evening civil twilight,

artificial illumination is ordinarily required. Nautical twilight begins in the
morning and ends in the evening when the Sun is geometrically 12 degrees below the
horizon. As the name implies, the principal use of the term nautical twilight is

in navigational astronomy, and during the intervals between civil twilight and
nautical twilight the brightest stars are visible and the sea horizon is clearly
defined. Before morning nautical twilight and after ¢evening nautical twilight the
horizon is generally not visible and cannot be used as a reference without aided
vision. Astronomical twilight begins and ends when the Sun is geometrically 18
degrees below the horizon. It is of significance principally in observational
astronomy and indicates those times when scattered Sunlight on a horizontal surface
becomes approximately equivalent to the light of the night sky. Times of civil and
nautical twilight are provided by the computer routines in Section II and from the
tables of Section III. The amount of available light during twilight is so greatly
dependent upon the atmosphere, and especially upon cloudiness and haze, that only
the most conservative approach to interpreting the times of twilight is justified
when considering outdoor activity.

Altitude: As in the case of a position on the Earth, two coordinates are required

to specifv the position of an object on the sky. For convenience, one coordinate

is measured in the sky and is known as altitude (in some applied sciences it is
called clevation). The other coordinate is measured along the horizon on the plane
of the observer, which is the other “half* of the observer's * universe." From the
point that is directly above the location of interest (position of the observer) an
arc (curved line) may be drawn through the point occupied by the object in the sky
and extended to the horizon. The arc meets the horizon at a 90 degree angle and
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is, therefore, perpendicular to the horizon. The altitude is an angle measured

along the arc from the point where the arc meets the horizon, upward to the point
occupied by the celestial object. The maximum altitude that an object may possibly
have is 90 degrees, when it is directly above the geographic point of interest, and
the object is then said to be "in the zenith.," When meridian passage of an object
occurs, the altitude is (or is nearly) a maximum (not usually 90 deg.) and the
altitude at that instant takes on special significance to navigation and surveying.
The Sun’s altitude at meridian passage also has special interest in solar energy
studies. See Figure 2,

Azlmuih: On the horizon plane of an observer, or at some other location of
interest, the meridian provides a North, South reference line. It may be thought

of as a straight line extending from the observation point to true North (or

South). Another straight line may be imagined to connect the observation point to
the point on the horizon from which altitude is measured. The angle between these
two lines is czlled the azimuth (of the object in the sky). The angle is measured
along th:s. horizon from North (zero degrees) toward East (90 degrees), and completes
360 degrees around the entire horizon. Azimuth, with altitude, allows the complete
specification of a point or object in the sky, relative to a point or location on

tlie Earth. See Figure 2.

INuminance: This term may be defined as the flux received on a unit area of a
surface. Flux is defined as the amount of radiation in . unit of time, usually the
second. In the context of this publication, the definitioas require qualification.
Here, we refer to radiation only in the visible portion of the electromagnetic
spectrum; that is, radiation capable of stimulating the human sense of sight. The
illuminance calculated within the computer routines, and cxhibith araphically in
Section III, refers to visible natural light only. Further, the light of the sky
is included and, therefore, the sea level, horizontal surface is assumed to be
exposed to all parts of the sky. In ordinary terms then, illuminance is the amount
of natural light reaching the surface of the Earth. The illuminance is given in
lux, or lumens per square meter. The older term foot-candle may be more familiar
to some, and to obtain illuminance in foot-candles, divide the quantity given in
lux by 10.764. In addition to the restrictions already mentioned, the condition
of the atmosphere modifics the illuminance to a considerable degree. This is
accommodated in a rough vay by the computer routines and graphs. At the user’s
option, the values of illuminance are divided by the numbers assigned to the
conditions stated:
1 - Average clear sky, less than 70 percent covered by (scattered)
clouds; the direct rays of the Sun or Moon are unobstructed
relative to the location of interest.
2 - The Sun or Moon casily visible but dircct rays obstructed by
thin clouds.
3 - The direct rays of the Sun or Moon are obstructed by average
clouds. )
10 - Dark stratus clouds cover the entire sky.




The recommended approach to interpreting calculated illuminance is to consider
the numbers as threshold vaiues which, without additional knowledge, determine only
whether a particular activity should not be planned or carried out. Even simple
questions such as driving witl.out headlamps, or detecting and identifying distant
objects cannot be completely decided by knowledge of the illuminance alone. Other
information specific to the illuminated surfaces, the nature of the activity, the
conditions of vision, and other immediate circumstances must be included in
planning and decision making processes.

The value of the illuminance calculated by the computer routines may appear in
the output as a number with as many as 10 digits. Only the first two digits are
significant, the remainder are necessa:y to accommodate the extreme variability of
the illuminance - 124000 lux to .0005 lux.

Calculation of illuminance is described in more detail in Appendix B,

Percent of the Moon Illuminated: Considering the Moon as a circular disk, the

ratio of its illuminated area to its total area is the fraction illuminated. The

percent illuminated is the same number multiplied by 100. At New Moon the percent
illuminated is 0; it is 50 at First and Last Quarters, and 100 at Full Moon.

Percent of the Moon illuminated is produced by the computer routines; but
independently of the fraction or percent illuminated, the amount of light provided
by the Moon may vary by a factor of 300, depending upon the Moon’s altitude above
the horizon. The percentage illuminated, therefore, is of value principally during
the initial stages of planning, preferably when it is available in the form of a

daily or half-daily tabulation,

Horizon

Figure 2 -- C is a point on the Earth's surface. The horizon plane, centered at C. is
represented by ENDWS. The sky is shown by the arcs EZW and ZPD. The point directly
overhead at C is the zenith (Z) and the direction of the vertical at C is CZ. P is the
position of the Sun or Moon with direction CP as seen from C. The altitude of P is

arc DP on the sky and equal to the angle between the lines CP and CD. Azimuth is

ine angle measured from line CN, positive eastward on the horizon plane, to line CD.
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SECTION II
Computer Programs

The purpose of this section is to provide three self-contained routines for
use with computers and powerful programmable calculators. The first is a FORTRAN
code which was tested by compiling and executing on a large so-called main-frame
computer, and with no changes, on two personal computers of different manufacture.
The second version of the code is written in BASIC and was tested on three personal
computers of different manufacture without modification, and two additional devices
after some revisions. The third routine, again in BASIC, was written and tested on
a scientific programmable calculator.

Despite the number and variety of computing devices now available, the FORTRAN
and BASIC languages have much in common from one system to anothcr. Differences
among compilers and interpreters do exist in addition to machine architecture
differences, however. For that reason, the computer codes given on the following
pages have been kept simple and have not been optimized. In adapiing them to one
particular device or another, any required changes should be simple and
straightforward (syntax, for example). Nevertheless, the burden of m-king the
routines workable necessarily belongs to the user and the Naval Obser atory cannot
undertake to advise anyone concerning computers, sof tware systems or alterations to
the routines.

The design goal for the computer routines was 0.5 degrees in angle and,
consequently, two minutes of time. Rounding of numbers may cause discrepencies
larger than these ainounts in some cases. A realistic interpretation of the angles
and times which are the output would be to take the last digit as uncertain by one
unit. Illuminance is given in lux (lumens per square meter), formally accurate to
one or two digits. There are situations in which the calculated illuminance
differs from the real light level by a factor of 10 or raore, depending on the local
atmospheric circumstances. The illuminated fraction of the Moon is independcnt of
Earth's atmosphere, but approximations in the formulas for calculating it may
produce errors of 1 or 2 units in the computed quantity.

There are characteristics common to the operation (use) of all three routines
and they are, therefore, given here. Notes concerning a particular routine are
provided with the routine.

The operation (execution) of the programs is primarily interactive. The
programs prompt the user by displaying key wcrds and phrases.

Dialog is initiated by the programs by requesting the longitude and latitude.
These coordinates must be specified by the user as degrees and decimals. Although
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it is possible to enter more precise values, accuracy of the programs is such that
degrees and tenths are more than adequate.

Longitude must be entered as a positlve number if East of the prime meridian
and a negatlve number if West. North latitude is entered as a positive number and
South latitude entered as a negative number. )

Year, month and day are next requested. These are entered sequentially in
order to provide flexibility to the programs. Their format is obvious from Figure 3
which shows a compléte example (using the FORTRAN version).

The system of time measurement wanted by the user is then requested. The
sclection is to be specified by the user by entering one digit in response. It is
important to remember that the next input after selecting the time system, and even
the date itself, must be expressed in the selected system. Furthermore, all output
quantities will be in the selected time system.

When the program prompts the user for time of day, it should be entered in the
24 hour clock scheme, as described in the Introduction.

With time of day entered as a positive number, the program will ask for an
estimate of the sky condition. Reference should be made to the discussion of
illuminance in the Introduction for an explanation. The number given by the user
to the computer at this point will divide calculated illuminance before it appears
as output.

Following the sky condition prompt and response, the program provides the
following, for the desired time and relative to the specified location:
Sun’s azimuth, altitude, illuminance
Moon’s azimuth, altitude, illuminance
Percent of the Moon illuminated (phase)
Total (Sun + Moon + night sky background) illuminance

As an alternative to specifying the time, any negative number may be entered.
If, instead of entering a time of day, the user enters a negative number, the
program provides 13 quantitics relative to the Sun and Moon for the date and place
specified. These are shown in Figure 3 following the entry of a "negative" time.
Figure 3 is the record of an actual computer run and may be used as a test case
during installation of the programs. Additional test cascs are provided by Table A
to assist with verification of program performance.

Special Cases

1. At high northern or southern latitudes some e¢vents may not always occur. The
Moon may remain above or below the horizon for more than one day. The Sun may
remain above or below the horizon for months; and, during that period, twilight may
not occur, or it may last for long periods of time. When these conditions prevail,
one or more lines of output will be missing from the computer output. The user may
determine the significance of the missing information by examining the altitude of




EXECUTION BEGINS...

INPUT LONGITUDE (DEG.), ENTER NULL LINE TO END)

-4. 0'
INPUT LATITUDE (DEG.)

58.0
INPUT YEAR (YYYY), NUMERAL

1987
INPUT MONTH (MM), NUMERAL
INPUT DAY (DD), NUMERAL

11
INPUT TIME ZONE SELECTION

0 => TIME IS UT (GMT)
=> TIME IS STANDARD (ZONE) TIME
2 => TIME IS LOCAL MEAN TIME

-

LY

INPUT TIME OF DAY AS HOURS AND MINUTES OF 24 HOUR CLOCK (HHMM), OR
INPUT ANY NEGATIVE NUMBER TO COMPUTE PHENOMENA (RISE/SET, ETC.), OR
INPUT NULL LINE TO END

2215
INPUT SKY CONDITION

=> SUN/MOON VISidLE, SKY < 70% OVERCAST
=> SUN/MOON OBSCURED BY T'(IN CLOUDS
=> SUN/MOON OBSCURED BY AVERAGE CLOUDS
0 => SUN/MOON OBSCURED BY DARK STRATUS CLOUDS (RARE)

- N -

1
AT -4.0 DEG LONGITUDE, 58.0 DEG LATITUDE
DATA FOR 1987, MONTH 5, DAY 11, AT 2215 HOURS

SOLAR AZIMUTH (DEG.) 332
SOLAR ALTITUDE (DEG.) =10
SOLAR ILLUMINANCE (LUX) 0.0278
LUNAR AZIMUTH (DEG.) 172
LUNAR ALTITUDE (DEG.) 18
LUNAR ILLUMINANCE (LUX) 0.0317
( 97% OF MOON IS ILLUMINATED)
TOTAL ILLUMINANCE (LUX) 0.0600

Figure 3 -- Interactive Input, Output (FORTRAN ).
12




INPUT TIME OF DAY AS HOURS AND MINUTES OF 24 HOUR CLOCK (HEMM), OR
INPUT ANY NEGATIVE NUMBER TO COMPUTE PHENOMENA (RISE/SET, ETC.), OR
INPUT NULL LINE TO END

?

-1

AT ~=4.0 DEG LONGITUDE, 58.0 DEG LATITUDE

DATA FOR 1987, MONTH 5, DAY 11

.TIME OF SOLAR MERIDIAN PASSAGE 1212
ALTITUDE AT MERIDIAN PASSAGE (DEG.) S0
TIME OF SUNRISE 0402
TIME OF SUNSET 2025
TOTAL HOURS AND MINUTES OF DAYLIGHT 1623
TIME BEGINNING CIVIL TWILIGHT 0309
TIME ENDING CIVIL TWILIGHT 2118
TIME BEGINNING NAUTICAL TWILIGHT 1144
TIME ENDING AUTICAL TWILIGHT 22406
TIME OF LUNAR MERIDIAN PASSAGE 2248
ALTITUDE AT MERIDIAN PASSAGE (DEG.) 18
TIME OF MOONRISE 1757
TIME OF MOONSET 0318

INPUT LONGITUDE (DEG.), ENTER NULL LINE TO END)
?

Figure 3 -- continued.

the Sun or Moon at meridian passage using the following scheme:

missing output. alt. at mer. pass: signifies:
. positive body continuously above horizon
rise/set : . .
negative body continuously below horizon

civil twilight { Sun alt. -6 deg. or greater | twilight lasts all night
g Sun alt. less than -6 deg. '] civil twilight does not occur

It. -1 4 ili i
AiTicE) WAtHENI {Sun alt. -12 deg. or greater { twilight lasts all night

Sun alt. less than -12 deg. darkness exceeds 24 hours

Since the Earth and Moon are in continuous motion, the program tests are not
infallible at extremes of latitude. For limiting cases, the calculations may
deviate in the sense that predicted events may not actually take place. Or, they
may occur when the program tests indicate their absence. More exacting
calculations are possible, but the improvement in reliability and accuracy is
marginal for the nlain reason that physical conditions at the extreme latitudes
render the actual occurrence of events uncertain. Also, this may be easily seen by
reference to the graphs of Section 111 where, for example, at latitudes above 65
degrees, the track of the Sun is seen to intersect the horizon at very shallow
angles during certain times of the year.
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2. About once per month at any latitude, there will be a 24 hour day during which
the Moon does not cross the meridian. In this case, the Moon’s meridian passage
will appear in the program output with a time greater than 24 hours. This is
normal and merely signifies that the next meridian passage after the beginning of
a day will be on the following day. Moonrise and moonset may also appear with
times exceeding 24 hours. These are also normal events, with a period of about one
lunar month, and can occur at any latitude.

3. At high latitudes, the Moon may rise or set twice in one day. These are very
infrequent events and the computer program will produce only one of the double
phenomena.

4. Occasionally, a time of an event may appear with the minutes part e. . . to 60
(cg., 1060). Program code to avoid this possibility was deliberately omitt- a, us
the significance of such numbers is obvious (1060=1100).

5. For some purposes it may be necessary to have the times of events expressed
both in a local Zone Time and in Universal Time. The computer routines may be used
to compute the times in both systems. Some results, when compared, may appear
discordant, however. For an illustration, consider the beginning and end of
nautical twilight computed for 1986 September 13 at longitude 77 deg. West and
latitude 39 deg. North. With Zone Time specified, the results are 0449 and 1918.
With UT specified, the results are 0949 and 0020. It is known that the Zone Time
differs from UT by exactly 5 hours, and it is perfectly correct to add 5 hours to
the Zone Time to obtain the UT times. Adding 5 hours to the Zone Times of the
events produces 0949 and 2418. The second number exceeds 24 hours and can be
written 0018 provided the date is increased by one day. It is alsv correct
procedure to subtract 5 hours from the UT times to obtain the Zone Times. The
results are then 0949-0500 = 0449; and 0020-0500 = -0440, or 1920 provided the date
is retarded by one day. The results are collected in the following scheme for time
ending nautical twilight:

September. 12 13 14
Zone Time: 1920 1918
Universal Time; 0020 0018

It is seen that, for September 13, the computer programs have given results
that do not refer to the same, identical event. Once a date is specified within
the computer programs, it is invariant and the programs will not change it. The
date is also that date associated with the time reference meridian specified by the
time zone parameter which is entered by the user. Clearly, the proper
interpretation of the data shown above is that the times computed for events depgnd
upon the date which is kept at the reference meridian of the specified time zone.
As a result, computed times of events which do not agree after adjustment for
longitude difference may both be correct; each within its own frame of date and
time measurcment, but each referring to a separate event. In the illustration, the
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end of nautical twilight for the given location on September 13, occurred at 1918
when reckoned according to date and time on the 75th meridian (September 14 at 0018
for date and time on the prime meridian). When reckoned according to date and time
of the prime meridian it occurred on September 13 at 0020 (Sept. 12 at 1920 for

date and time on the 75th meridian).

Table A, Test Cases for Program Certification

I II IIX Iv v VI VII

Longitude +35.5 -150 -135.8 +180 +180 0 +39.5
Latitude +46.0 + 45 - 23.4 + 70 + 70 -68 +21.3
Year 1986 1986 1986 1987 1987 1988 1988
Month 7 9 12 2 2 1 8
Day 3 28 18 19 19 1 13
Zone 1 1 0 2 0 0 2
Hour -1 -3 2100 -9 -1 -2 -3
Sky 1
Sun merid. pass. 1142 1151 1214 0014 1203 1205
Alt. at m.p. 67 43 9 9 45 83
Sunrise 0352 0554 0819 2014 0538
Sunset 1932 1746 1610 0410 1831
Tot. daylight 1540 1152 0751 0756 1254
Beg. civil twi. 0314 0525 0712 1908 0514
End civil twi. 2010 1815 1717 0517 1855
Beg. naut. twi. 0223 0451 0601 1757 0447
End naut. twi. 2101 1849 1829 0629 1922
Moon merid. pass. 0835 0803 0340 1627 2216 1244
Alt. at m.p. 66 69 8 3 -7 81
Hoonrise 0048 2504 2555 1356 0612
Moonset 1635 1558 0725 1835 1912
Hour 1831
Sky 1
Sun azimuth 346 286
Sun altitude 90 0
Sun illuminance 123786 697
Moon azimuth 282 278
Moon altitude -62 8
Moon illuminance 0 0

(% i{illuminated) 94 1
Tot. illuminance 123786 697
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The FORTRAN Program

The complete program consists of a main program, cight subroutines and three
function statements. All are listed on succeeding pages. The following notes
supplement those beginning with the first page of this section and apply to the
FORTRAN code.

1. Precision

The program is in double precision for use with computers having 4 byte singl:
precision words. If a computer can consistently maintain 8 significant digits
during computation, then a single precision version of the program could be
constructed.

2. Changes to the program

The leading statement IMPLICIT DOUBLE PRECISION (A-Z) may be changed to read
IMPLICIT REAL®*8 (A-Z) in order to satisfy syntax requirements of certain compilers.

If a single precision version of the program is desired and is possible, then
all references to the following double precision functions must be converted to
corresponding single precision references:

DABS DINT DASIN DCOS DEXP

DACOS DSIGN DSIN DTAN DATAN
Constants written in double precision format (D) convert to E format. The leading
(IMPLICIT....) statement of the main program, subroutines and functions must be
changed.

Program flow may be altered to some extent. As provided here, the flow
follows certain ideas concerning probable usage. The main program statement
following statement 580 may be changed to redirect execution. From GOTO 100, the r
statement may be altered to

GOTO 125 to rerun with a new year, month and day

GOTO 150 to input only a new month and day

GOTO 175 to input only a new day of the month

GOTO 200 to input a time during the year, month and day already specified
The main program statement following statement 805 may be altered from GOTO 200 to
GOTO 125, or 150, or 175 with the same results as above. All of these changes will
cause the program to produce data for the same longitude and latitude. To compute
data for a different geographic place, at least one of the above GOTO statements
must direct a transfer to statement 100.

3. Other changes

An experienced programmer might make changes to the program other than these
described above. The programmer should be extremely cautious, however. Several of
the variables are multiply-defined and certain computational sequences must not be
disturbed or their results may be totally false. In the worst case, the end
results may appear reasonable.
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4. Operation

Once the program begins to execute, operation is interactive with prompting.
The user should refer to Fig. 3 for an example, and is encouraged to reproduce the
example at least once in order to gain familiarity with program usage.




pre

100

125

150

175

200

The FORTRAN Program

IMPLICIT DOUBLE PRECISION (A-Z)

INTEGER IY,IM,ID,IH,L,I,K,N,J,IAZ,IHA
DIMENSION A(4), B(2)

RD = 57.29577951D0

DR = 1.0D0/RD

A(1) = -0,01454D0

A(2) = =0.10453D0

A(3) = =0.20791D0

A(4) = +0.00233D0

CE = 0.91775D0

SE = 0.39715D0

WRITE (*,*) ' '

WRITE (*,*) ' °*

WRITE (*,*) 'INPUT LONGITUDE (DEG.), ENTER NULL LINE TO END) '
READ (*,*,END=9999) LO

WRITE (*,*) 'INPUT LATITUDE {(DEG.)'
READ (*,*) F

WRITE (*,*) 'INPUT YEAR (YYYY), NUMERAL'
READ (*,*) IY

WPITE (*,*) 'INPUT MONTH (MM), NUMERAL'
READ (*,*) IM

WRITE (*,*) 'INPUT DAY (DD), NUMERAL'
READ (*,*) ID

C = 360.0D0

LI = DABS(LO)

FO = F

F = F*DR

SI = DSIN(F)

CI = DCOS(F)

J = 367*IY-INT(7*(IY+INT((IM+9)/12))/4)+INT(275*IM/9)+ID=-730531

WRITE (*,*) 'INPUT TIME ZONE SELECTION'
WRITE (*,*) ' °

WRITE (*,*) ' 0 => TIME IS UT (GMT)'

WRITE (*,*) ' 1 => TIME IS STANDARD (ZONE) TIME'
WRITE (*,*) ' 2 => TIME IS LOCAL MEAN TIME'
READ (*,*) 2

ZT = 2

DT = 0

IF (2 .EQ. 0.0D0) DT =-LO/360.0D0

IF (2 .BEQ. 1.0D0) DT = (LI-15.0D0*DINT((LI+7.5D0)/15.0D0))/C
*DSIGN(1.0D0,-LO)

WRITE (*,?) ' '

WRITE (*,*) ' '

WRITE (*,*) 'INPUT TIME OF DAY AS HOURS AND MINUTES OF 24',
' HOLR CLOCK (HHMM), OR'

WRITE (*,*) 'INPUT ANY NEGATIVE NUMBER TO COMPUTE PHENOMENA',
' (RISE/SET, ETC.), OR'

WRITE (*,*) 'INPUT NULL LINE TO END'

READ (*,*,END=9999) H

IF (H .GE. 0.0D0) GOTO 600

WRITE (*,205) LO,FO
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205

210

250
260

280

285
300
320
360

370

390

450

460
470
480
550
560
580

600

FORMAT (' AT ',F6.1,' DEG LONGITUDE, ',F5.1,' DEC LATITUDE')
WRITE (*,210) IY,IM,ID
FORMAT (' DATA FOR ',I14,°', MONTH ',I2,', DAY ',I2)
Z = J=0.5D0
DO 580 L = 1, 4
GOTO (260,390,390,250), L
C = 347.81D0
M = 0.5D04DT
K =1
IF (L .LT. 4) K = K+1
M = M=DT
E = M-L0/360.0D0
D = Z+E
CALL CRCT (D,E,L,LO,C,DR,RD,CE,SE,U,DS,SD)
M = M=U+DT
GOTO (360,285,360,300,360,370), K
IF (M .GE. 0.0D0 .AND. M .LT. 1.0D0) GOTO 370
GOTO 320
IF(M .GE. 0.0D0) GOTO 370
M = M=DSIGN(1.0D0,M)
K = K#+1
GOTO 280
H = DASIN(DCOS(F=DS))*RD
IF(L .EQ. 4) H = H=,95*DCOS(H*DR)
CALL REFR (H,DR,HA)
CALL HORX (A,L,sI1,sD,CI,DS,C,RD,H)
B(1) = M~H
B(2) = M+H
DO 560 I = 1, 2
K = 2¢1=3
N =1
IF (L .LT. 4) N = N+1
B(I) = B(I)=-DT
E = B(I)-L0/360.0D0
D = Z+E
CALL CRCT (D,E,L,LO,C,DR,RD,CE,SE,U,DS,SD)
CALL HORX (A,L,81,8D,CI,DS,C,RD,H)
B(I) = B(I)+K*H=-U+DT
GOTO (550,460,550,470,550,560), N
IP (B(I) .GE. 0.0D0 .AND. B(I) .LT. 1.0D0) GOTO 560
GO0 480
IF (B(I) .GE. 0.0D0) GOTO 560
B(I) = B(I) - DSIGN(1.0D0,B(I))
N = N+
GOTO 450
CONTINUE
CALL OUT (2T,M,HA,B,L)
CONTINUE
GOTO 100
WRITE (*,*) 'INPUT SKY CONDITION'
WRITE (*,*) '
WRITE (*,*) '1 =) SUN/MOON VISIBLE, SKY < 708 OVERCAST'
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o

610

660

750

751

801

802

803

804

WRITE (*,*) '2 => SUN/MOON OBSCURED BY THIN CLOUDS .

WRITE (*,*) '3 => SUN/MOON OBSCURED BY AVERAGE CLOUDS '

WRITE (*,*) '10 => SUN/MOON OBSCURED BY DARK STRATUS CLOUDS®,
] (RARE)'

READ (*,%*) SK

IH = DINT(H)

WRITE (*,205) LO,FO

WRITE (*,610) 1IY,IM,ID,IH

FORMAT (' DATA FOR ',I4,', MONTH ',I2,', DAY ',I2,', AT ',I4.4,
' HOURS')

E = DEG(H/100.0D0)/24.0D0-DT-L0/360.0D0

D = J=0.5D0+E

N =1

CALL SUN (D,DR,RD,CE,SE,T,G,LS,AS,SD,DS)

T = T+360.0D0*E+LO

IF (N .EQ. 2) CALL MOON (D,G,CE,SE,RD,DR,V,CB,AS,SD,DS)

H = T=AS

CALL ALTAZ (DS,H,SD,CI,SI,DR,RD,AZ)

Z = H*DR

H = H=0.95D0*(N=1)*DCOS(H*DR)

CALL REFR (H,DR,HA)

CALL ATMOS (HA,DR,M)

HA = DSIGN(DINT(DABS(HA)+0.5D0),HA)

GOTO (750,790), N

IS = 133775.0D0*M/SK

IAZ = DINT(AZ)

WRITE (*,751) IAZ

FORMAT (' SOLAR AZIMUTH (DEG.)',14X,I4.3)

IHA = DINT{(HA)

WRITE (*,752) IHA

FORMAT (' SOLAR ALTITUDE (DEG.)',14X,13)

WRITE (*,753) IS

FORMAT (' SOLAR ILLUMINANCE (LUX)',9X,F11.4)

N =2

GOTO 660

E = DACOS(DCOS(V~LS)*CB)

P = 0.892D0*DEXP(=3.343D0/((DTAN(E/2.0D0))**0.632D0) )+0.0344D0*
{(DSIN(E)=E*DCOS(E))

P = 0.418D0*P/(1.0D0~0.005DO*DCOS(E)=0.03D0*DSIN(Z))

IL = P*M/SK

IS = IS+IL+0.0005D0/SK

IAZ = DINT(AZ)

WRITE (*,801) IAZ

FORMAT (' LUNAR AZIMUTH (DEG.)',14X,I4.3)

IHA = DINT(HA)

WRITE (*,802) IHA

FORMAT (' LUNAR ALTITUDE (DEG.)',14X,I3)

WRITE (*,803) IL

FORMAT (' LUNAR ILLUMINANCE (LUX)',9X,F11.4)

IHA = DINT(50.D0*(1.0D0=-DCOS(E))+0.5D0)

WRITE (*,804) IHA

FORMMT (' (',I3,'S OF MOON IS ILLUMINATED)’)
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WRITE (*,805) 1S

805 FORMAT (' TOTAL ILLUMINANCE (LUX)',9X,F11.4)
GOTO 200

9999 CONTINUE
END

SUBROUTINE CrCT (D,E,L,LO,C,DR,RD,CE,SE,U,DS,SD)
IMPLICIT DOUBLE PRECISION ({A-2Z)

INTEGER L

IF (DABS(E) .GE. 1.0D0) E = E-DSIGN(1.0D0,E)
CALL SUN (D,DR,RD,CE,SE,T,G,LS,AS,SD,DS)

IF (L .EQ. 4) CALL MOON (D,G,CE,SE,RD,DR,V,CB,AS,SD,DS)
T = T+L0+360.0D0*E

T = T-DINT(T/360.0D0)*360.0D0

U = T=AS

IF (DABS(U) .GT. 180.0D0) U = U-DSIGN(360.0D0,U)
U = U/C

RETURN

END

v SUBROUTINE SUN (D,DR,RD,CE,SE,T,G,LS,AS,SD,DS)
IMPLICIT DOUBLE PRECISION (A-2)

T = 280.46D0+0.98565D0*D

T = T-DINT(T/360.0D0)*360.0D0

IF (T .LT. 0.0D0) T = T+360.0D0
G = (357.5D0+0.98560DC*D)*DR

LS = (T+1.91D0*DSIN(G))*DR

AS = DATAN(CE*DTAN(LS))*RD

Y = DCOS(LS)

IF (Y .LT. 0.0D0) AS = AS+180.0D0
SD = SE*DSIN(LS)

p DS = DASIN(SD)

T = T=180.0D0

RETURN

END

SUBROUTINE MOON (D,G,CE,SE,RD,DR,V,CB,AS,SD,DS)
IMPLICIT DOUBLE PRECISION (A-Z)
) V = 218.32D0+13.1764D0*D

V = V=-DINT(V/360.0D0)*360.0D0

IF (V .LT. 0.0D0) V = V+360.0D0

Y = (134.96D0+13.06499D0*D ) *DR

0 = (93,27D0+13.22935D0*D)*DR

W = (235.7D0+24.38150D0*D) *DR

SB = DSIN(Y)

CR = DCOS(Y)

X = DSIN(O)

S = DCOS(0)

SD = DSIN(W)

CD = DCOS(W)

V = (V+(6.29D0~-1.27D0*CD+0.43D0*CB)*SB+(0.66D0+1.27D0*CB) *SD
& =0.19D0*DSIN(G)=-0.23D0*X*S)*DR




Y = ((5.13D0-0.17D0*CD)*X+(0.56D0*SB+0.17D0*SD)*S)*DR
SV - DSIN(V)

SB = DSIN(Y)

CB = DCOS(Y)

Q = CB*DCOS(V)

P = CE*SV*CB=-SE*SB

SD = SE*SV*CB+CE*SB

AS = DATAN(P/Q)*RD

IF (Q .LT. 0.0D0) AS = AS+180.0D0
DS = DASIN(SD)

RETURN

END

5040

SUBROUTINE HORX (A,L,SI,SsD,CI,DS,C,RD,H)
IMPLICIT DOUBLE PRECISION (A-Z)
INTEGER L

DIMENSION A(4)

H = (A(L)=SI*SD)/(CI*DCOS(DS))

IF (DABS(H) .GT. 1.0D0) GOTC 5040
H = DACOS(H)*RD/C

RETURN

H = 1.5D0

RETURN

END

SUBROUTINE ALTAZ (DS,H,SD,CI,SI,DR,RD,AZ)
IMPLICIT DOUBLE PRECISION (A=Z)

CD = DCOS(DS)

CS = DCOS (H*DR)

Q = SD*CI-CD*SI*CS

P = =CD*DSIN(H*DR)

AZ = DATAN(P/Q)*RD

IF (Q.LT. 0.0D0) AZ = AZ+180.0D0
IF (AZ .LT. 0.0D0) AZ = AZ+360.0D0
AZ = DINT(AZ+0.5D0)

H = DASIN(SD*SI+CD*CI*CS)*RD
RETURN

END

SUBROUTINE REFR (H,DR,HA)

IMPLICIT DOUBLE PRECISION (A-=Z)

HA = H

HA ~ H+1.0D0/(DTAN( (H+8.6D0/(H+4.42D0))*DR))/60.0D0
RETURN

END

SUBROUTINE ATMOS (HA,DR,M)
IMPLICIT DOUBLE PRECISION (A-7'

U = DSIN{(HA*DR)

X = 753.66156D0

S = DASIN(X*DCOS(HA*DR)/(X+1.0D0))
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M = X*(DCOS(S)=U)+DCOS(S)

M = DEXP(=-0.21D0*M)*U+0,.0289D0*DEXP(=0.04270*M)*(1.0D0+
(HA+90.0D0)*U/57.29577951D0)

RETURN

END

3000

3001
3030

3031
3050
3060
3100
3101
3120

3121

3171

3180

3181

3200

3201

3220

3221

3240

SUBROUTINE OUT (2T,M,HA,B,L)

IMPLICIT DOUBLE PRECISION (A-Z)

INTEGER I,L,IR1,IHA

DIMENSION B(2)

GOTO (3000,3050,3050,3260), L

IR1 = DINT(TIMES(M))

IF (2T .EQ. 1.0D0) THEN .
WRITE(*,*) '#** FOR DAYLIGHT (SUMMER) TIME ADD ONE HOUR **'

END IF

WRITE (*,3001) IR1

FORMAT (' TIME OF SOLAR MERIDIAN PASSAGE',6X,I4.4)

IHA = DINT(DSIGN(DINT(DABS(HA)+0.5D0),HA))

WRITE (*,3031) IHA

FORMAT (' ALTITUDE AT MERIDIAN PASSAGE (DEG.)',2X,I3)

I =1

R = TIMES(B(I))

IF (R .GE. 4800.0D0 .OR. R .LT. 0.0D0) GOTO 3330

GOTO (3100,3120,3180,3200,3220,3240,3300,3320}, 2*(L-1)+I

IR1 = DINT(R)

WRITE (*,3101) IR1

FORMAT (' TIME OF SUNRISE',21X,14.4)

GOTO 3330

IR1 = DINT(R)

WRITE (*,3121) IR1

FORMAT (' TIME OF SUNSET',22X,14.4)

R = B(2)-B(1)

IF (R .LT. 0.0D0) R = R+1

R = TIMES(R)

IR1 = DINT(R)

WRITE (*,3171) IR1

FORMAT (' TOTAL HOURS AND MINUTES OF DAYLIGHT ',I4.4)

GOTO 3330

IR1 = DINT(R)

WRITE (*,3181) IR1

FORMAT (' TIME BEGINNING CIVIL TWILIGHT',7X,I4.4)

GOTO 3330

IR1 = DINT(R)

WRITE (*,3201) IR1

FORMAT (' TIME ENDING CIVIL TWILIGHT', 10X,I4.4)

GOTO 3330

IR1 = DINT(R)

WRITE (*,3221) IR1

FCRMAT (' TIME BEGINNING NAUTICAL TWILIGHT',4X,I4.4)

GOTO 3330

IR1 = DINT(R)

WRITE (*,3241) IR1
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3241

3260

3261
3300
3301
3320

3325
3330

FORMAT (' TIME ENDING NAUTICAL TWILIGHT',7X,I4.4)
GOTO 3330

R = TIMES(M)

IR1 = DINT(R)

WRITE (*,3261) IR1

FORMAT (' TIME OF LUNAR MERIDIAN PASSAGE',6X,I14.4)
GOTO 3030

IR1 = DINT(R)

WRITE (*,3301) IR1

FORMAT (' TIME OF MOONRISE',20X,I4.4)

GOT03330

IR1 = DINT(R)

WRITE (*,3321) IR1

FORMAT (' TIME OF MOONSET',21X,I4.4)

I=1I+1

IF (I .LT. 3) GOTO 3060

RETURN

END

DOUBLE PRECISION FUNCTION TIMES (X)

IMPLICIT DOUBLE PRECISION (A-2)

TIMES = DINT(100.0D0*DMS(X*24.0D0)+0.5D0)
RETURN

END

DOUBLE PRECISION FUNCTION DMS (X)
IMPLICIT DOUBLE PRECISION (A-Z)

DMS = DINT(X)+6.0D0*(X-DINT(X))/10.0D0
RETURN

END

Com==

DOUBLE PRECISION FUNCTION DEG (X)
IMPLICIT DOUBLE PRECISION (A-:)

DEG = DINT(X)+((X-DINT(X))*10.0D0)/6.0D0
RETURN

END
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The BASIC Program for Computers

This version of the program consists of a main program which begins at
statement 10 and ends at statement 1210. There are several subprograms which are
written in open style so that variables do not pass through calling sequences. One
of these is embedded in the main program., Definition statements for such functions
as arccosine, arcsine are at the beginning of the program, as required. These
functions may be available in some interpreters. The notes which follow apply to
the BASIC code for personal computers and supplement the general notes beginning
with the first page of this Section.

1. Precision

The program is written using a mixed precision; that is, most of the program
uscs single precision. There are several calculations which produce large numbers,
and to retain significance at the half-degree level, extended precision is
required. The use of extended or double precision must be identified to the
interpreter in some way. In the BASIC dialect given here, that is accomplished by
appending the symbol # to certain variables and constants. There are some
computers in which numbers are stored and manipulated with sufficient precision
such that extended or double precision is not reeded and is not an interpreter
option. For such configurations of machine and language, the following statements
should be edited and the symbol # deleted:

310, 430, 900, 1220, 1230, 1250, 1260, 1720,

1730, 1750, 1760, 1770, 1780, 1790, 1800.

2. Changes to the program

Svntax rules for BASIC interpreters vary considerably and not all
possibilitics can be explored here. Nevertheless, since it is to be expected that
some changes will be required for implementation of the program, a few guidelines
can be given.

It will be seen in the code that the words THEN and LET frequently appear in
combination. In testing, it was found that LET was not required by one
interpreter. Another interpreter required LET but not THEN. Still another, older

‘interpreter required LET to precede any equality or equation statement and required

it in combination with THEN in conditional statements. Obviously, the user should
explore the possibilities and requirements of the particular machine/language
combination for simplifications.

Many versions of BASIC allow multicharacter variable and function names to be
defined. Of these, some versions will actually use only the initial two characters
when referencing the function or variable. If this is not known to the programmer
or user, the results can be unpredictable. In the worst case tested, some of the
program output actoally contained valid results. Should it be found that two
character function and variable names are required, the program given here can be
casily modified. Only function names, not variable names, need to be changed. In
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order to avoid conflicts, the following functions could be renamed as shown:
ARCOS - RC

ARCSIN - RS
DEG - DG
DMS - DM

Of course, program references to the functions must be changed accordingly.

In addition to the restriction of two-character variable and user defined
function references, the interpreter may offer an expanded set of commands.
Unfortunately, corresponding to the expanded command set is a similarly enlarged
list of words or acronyms which are described as reserved, protected, or
privileged. Since it is not possible to predict which two-character combinations
will infringe upon the reserved set of every computer/interpreter configuration,
the program user must be aware of possible consequences. Those should be addressed
in the literature describing the interpreter and its use. Often, infringement
triggers syntax error messages, so that the offending variable may be readily found
and redefined.

Some versions of BASIC do not allow function definitions by the user, but do
provide the functions. The user should then modify this program so that the
function ARCOS is replaced, where used, by whatever is provided for computing the
arccosine. The arcsine function (ARCSIN) should be replaced likewise. The
functions DEG and DMS can be re-defined as subroutines, and statements 8§90 and 1700
modified accordingly.

Statement 1100 requires that a trigonometric tangent be raised to the
fractional exponent .632. As given here, the operation is specified by the symbol ~.
(Specifically, the character is an ASCII hexadecimal SE or decimal 94.)
This is acceptable to several versions of BASIC; but in one dialect encountered,
the required symbol for the same operation was a vertical arrow. The user
should be aware of this and related variations of notation.

Program flow may be altered to some¢ extent. As provided here, the flow
reflects certain ideas concerning probable usage. Other modes may be more
convenient for certain applications. The statements numbered 860 and 1200 may be
changed to redirect execution:

GO TO 150 to initialize all input

GO TO 170 to input a new year, month, day, etc.

GO TO 180 to input a new month, day, etc.

GO TO 190 to input a new day, ctc.

GO TO 300 to input a time during the year, month and day already specified.
Statement 1200 transfers control to 300. It may te changed to send control to
statements 150, 170, 180 or 190, as above. At least one of the statements (860 or
1200) should direct a transfer to statement 150 if data for more than one location
are to be computed during a session.
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3. Other changes .

An experienced programmer might make changes to the program other than those
already described. However, caution must be used. Several variables are
multiply-defined and certain computational sequences may not be disturbed or their
results will be false. In the worst case, the end results may appear reasonable.

4. Operation

Once the program has been implemented, operation should proceed interactively
with prompting by key words and phrases provided. The user should refer to Fig. 3
for an example of use. Output of the BASIC program wil! differ from the example in
appearance, but not in data sequence or actual content.
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10

20

30

40

50

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520

The BASIC Program for Computers

DEF FNARCOS(ARG)=1.570796~ATN (ARG/SQR( 1.=ARG*ARG))
DEF FNARCSIN(ARG)=ATN(ARG/SQR(1.-ARG*ARG))
DEF FNDEG (ARG )=INT (ARG )+( (ARG-INT(ARG))*10.)/6.
DEF FNDMS(ARG)=INT(ARG)+6.* (ARG-INT(ARG))/10.
RD=57.29578

DR=1./RD

DIM A(4)

DIM B(2)
A(1)=-.01454

A(2)=~-.10453

A(3)=-,20791

A(4)=.00233

CE=.91775

SE=.39715

INPUT"LONGITUDE IN DEG.";LO

INPUT"LATITUDE IN DEG.";F

INPUT"YEAR (4 DIGITS)";1Y

INPUT"MONTH (NUMERAL)";IM

INPUT"DAY (NUMERAL)®";ID

F=F*DR

Cc=360.

LI=ABS(LO)

SI=SIN(F)

CI=COS(F)

J=367 *IY=INT (7 *(IY+INT((IM+9)/12))/4)+INT(275*IM/9)+ID~730531.
INPUT"UNIVERSAL TIME = 0, 20NE TIME = 1, LOCAL MEAN TIME = 2";Z

DT=0.
IF 2=0. THER LET DT=-1.0/C

IF 2=1. THEN LET DT=-(LI-15*INT((LI+7.5)/15))/C*SGN(LO)

INPUT"HOUR (4 DIGIT NUMERAL ON 24 HOUR CLOCK)";H
Z0¥=J~-.5

IF H>0 THEN GOTO 870

PRINT"DATA POR “;IY;", MONTH ";IM;", DAY ";ID
FOR L=1 TO 4

ON L GOTO 370,650,650,360

C=347.81

M=, 5+4DT

K=1

M=M=DT

E=M~L0/360.,

GOSUB 430

GOTO 530

D#=Z0#+E

IPF ABS(E)>=1 THEN LET E=E=SGN(E)

GOSUB 1220

IF L=4 THEN GOSUB 1720

TeT+L0+360.*E

TeT=INT(T/360.)*360.

UsT=AS

IF ABS(U)>18C. THEN LET U=U-360.*SGN(U)
U=y/C

RETURN
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530 M=M-U+DT

540 IF L<4 THEN LET K=K+1

550 ON K GoTO 600,560,600,580,600,620
560 IF M>=0. AND M<1. THEN GOTO 620
570 GOTO 590

580 IF M>=0. THEN GOTO 620

590 M=M-SGN(M)

1600 X=K+1

610 GOTO 390

620 H=FNARCSIN(COS(F=DS))*RD

63C IF L=4 THEN LET H=H-.95*COS(H)
640 GOSUB 2160

650 GOSUB 2000

660 B(1)=M-H

670 B(2)=M+H

680 FOR I=1 TO 2

690 X=2+I-3

700 FOR N=1 TO 6

790 B(I)=B(I)=-DT

720 E=B(I)-L0O/360.

730 GOSUB 430

740 GOSUB 2000

750 B(I)=B(I)+K*H=U+DT

760 IF L<4 THEN LET NaN+1

770 ON N GOTO 820,780,820,800,820,830
780 IF B(I)>=0. AND B(I)<1. THEN GOTO 830
790 GOTO 810

800 IF B(I)>=0. THEN GOTO 830

810 B(I)=B(I)=-SGN(B(I))

820 NEXT N

830 NEXT I

840 ON L GOSUB 1350,1400, 1400,1610
850 NEXT L

860 GOTO 150

870 INPUT“SKY CONDITION = 1,2,3,10,";SK
880 PRINT“DATA FOR ";IY;"™, MONTH “;IM;", DAY “;ID;", AT ";H;" HOURS"
890 E=FNDEG(H/100.)/24.-DT=-L0/360.
900 D#=Z0#+E

910 N=1

920 GOSUB 1220

930 T=T+360.*E+LO

940 IF N=2 THEN GOSUB 1720

950 H=T=-AS

960 GOSUB 2060

970 Z=H*DR

980 H=H=-.95*(N=-1)*COS(H*DR)

990 GOSUB 2160

1000 GOSUB 2200

1010 HA=INT(ABS(HA)+.5)*SGN(HA)

1020 ON N GOTO 1030,1090

1030 1S=133775.*M/SK

1040 PRINT"SUN AZIMUTH (DEG.) *;AZ




1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1319
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1436
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1550

PRINT"SUN ALTITUDE (DEG.)
PRINT"SUN ILLUMINANCE (LUX)
N=2 :

GOTO 940

E=FNARCOS (COS(V-LS)*CB)

P=,892*EXP(=3.343/((TAN(E/2.) )A.632))+.0344*(SIN(E)-E*COS(E))
P=,418*P/(1.-.005*COS(E)=.03*SIN(Z))

IL=P*M/SK

IS=IS+IL+.0005/SK
PRINT"MOON AZIMUTH (DEG.)
PRINT"MOON ALTITUDE (DEG.)
PRINT"MOON ILLUMINANCE (LUX)
IL=INT(50.*(1.=COS(E))+.5)

PRINT" (";IL;"% OF MOON ILLUMINATED)"

PRINT"TOTAL ILLUMINANCE (LUX)
GOTO 300

END

TD#=280.46#+.985654#*D#
T=TD#=INT (TD#/360#)*360#

IF T<0. THEN LET T=T+360.
TD#=357 .S#+.9856#*D#
G=(TD#=-INT(TD#/360#)*360#) *DR
LS=(T+1.91*SIN(G) )*DR

AS=ATN (CE*TAN(LS))*RD
Y=COS(LS)

IF Y<0. THEN LET AS=AS+180.
SD=SE*SIN(LS)

DS=FNARCSIN(SD)

T=T=180.

RETURN

R=M

GOSUB 1700

PRINT"SUN MERIDIAN PASSAGE AT
HA=INT(ABS(HA)+.5)*SGN(HA)
PRINT"ALTITUDE AT MER. PASS.
FOR I=1 TO 2

R=B(I)

GOSUB 1700

IF R>=4800. OR R<0. THEN GOTO

ON 2*(L=-1)+I GOTO 1450, 1470, 1530, 1550, 1570, 1590, 1650, 1670

PRINT"TIME OF SUNRISE

GOTO 1680

PRINT"TIME OF SUNSET
R=B(2)=-B(1)

IF R<O. THEN LET R=R+1.
GOSUB 1700

PRINT"TOTAL DAYLIGHT

GOTO 1680

PRINT"BEGIN CIVIL TWILIGHT AT
GOTO 1680

PRINT"END CIVIL TWILIGHT AT
GOTO 1680

":HA
;IS

":AZ
":;HA
";IL

;IS

“IR

";HA

1680
"R

"R

"’R

“IR
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1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080

PRINT"BEGIN NAUTICAL TWILIGHT ":;R
GOTO 1680

PRINT"END NAUTICAL TWILIGHT ":R
GOTO 1680

R=M

GOSUB 1700

PRINT"MOON MERIDIAN PASSAGE AT":R
GOTO 1380

PRINT"TIME OF MOONRISE ":R
GOTO 1680

PRINT"TIME OF MOONSET ";R
NEXT I

RETURN
R=INT(100.*FNDMS(R*24.)+.5)
RETURN

TD#=218.32#+13,. 1764#*D#
V=TD#=-INT(TD#/360#)*360#

IF V<0. THEN LET V=V+360.
TD#=134.96#+13.06499#*D#
Y=(TD#~-INT(TD#/360#)*360#)*DR
TD#=93.27#+13.22935#*D#
O=(TD#~INT(TD#/360#)*360#%)*DR
TD#=235.7#+24,.3815#*D#
W=(TD#-INT(TD#/360#)*360#)*DR
SB=SIN(Y)

CB=COS(Y)

X=SIN(O)

§=C0S(0)

SD=SIN(W)

CD=COS (W)

V=V+(6.29-1,27*CD+.43*CB)*SB+(.66+1.27*CB)*SD~. 19*SIN(G)~=.23*X*S

V=V*DR

¥Y=((5.13=.17*CD)*X+(.56*SB+. 17*SD) *S)*DR

SV=SIN(V)

SB=SIN(Y)

CB=COS(Y)

Q=CB*COS(V)
P=CE*SV*CB~-SE*SB
SD=SE*SV*CB+CE*SB

AS=ATN (P/Q)*RD

IF Q<0. THEN LET AS=AS+180.
DS=FNARCSIN(SD)

RETURN
H=(A(L)=-SI1*SD)/(CI*COS(DS))
IF ABS(H)>1. THEN GOTO 2040
H=FNAROCOS (H)*RD/C

RETURN

H=1.5

RETURN

CD=COS (DS )

CS=COS (H*DR)
Q=SD*CI-CD*SI*CS
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2090 P=-CD*SIN(H*DR)

2100 AZ=ATN(P/Q)*RD

2110 IF Q<0. THEN LET AZ=AZ+180.

2120 IF AZ<0. THEN LET AZ=AZ+360.

2130 AZ=INT(AZ+.5)

2140 H=FNARCSIN(SD*SI+CD*CI*CS)*RD

2150 RETURN

2160 HA=H

2170 IF H<(=5./6.) THEN GOTO 2190

2180 HA=H+1./{TAN( (H+8.59/(H+4.42))*DR) )/60.
2190 RETURN

2200 U=SIN(HA*DR)

2210 X=753,.6616

2220 S=FNARCSIN(X*COS(HA*DR)/(X+1.))

2230 M=X*(COS(S)=U)+COS(S)

2240 M=EXP(=.21*M)*U+.0289*EXP(=.042*M)*(1.+(HA+90.)*U/57,.29578)
2250 RETURN




The BASIC Routlne for Programmable Calculator

This version of BASIC was written for a particular unit having a dual mode of
operation -- one as a calculator with single keystroke trigonometric, power, root
and other functions, the other as a computer having a BASIC interpreter resident in
read-only-memory. The salient feature of a device of the type is a
random-access-memory which retains programs when power is turned off. Coupled with
small size and low cost, machines having these features may become attractive for
many small scale computer needs and applications and, therefore, widely owned and
used. There are limitations to this type of device too. Among them is the
dispiay, which holds only one line of prompt or output at one time; and that is
further limited to relatively few characters. An attached printer would be more
than a convenience.

Most of the comments applicable to the BASIC routine for personal computers
apply to this routine also. The notes which follow supplement the general notes
which begin this Section and those applicable to the routines for personal
computers.

With the exception of one embedded subroutine, the main program begins at
statement 10 and ends at statement 117. The remaining statements belong to the
subroutines. The user may add code in statements | through 9, reserved for the
purpose.

1. Precision

All scientific calculators routinely provide at least 8 to 10 digits of
precision, so that consideration of extended or double precision code was
unnecessary.

2. Changes to the program

Any changes required by syntax rules of various versions of BASIC must be
accommodated. Some of these are discussed in the notes for the personal computer
version.

If the DMS (convert to degrees, minutes, seconds) and DEG (convert to degrees
and decimals) funclions are not built in functions, they may be coded as user
defined functions or as subroutines, according to the specific dialect available.

If coded as subroutines, then statements 85 and 166 must be changed io GOSUB
commands. If DMS and DEG are coded as user defined functions, then statement 85
may stand as it is. In the case of change to cither subroutine or defined function
form, the computation performed at statement 166 must be changed such that the
constant .7 is replaced by .5. Statements which define the DMS and DEG functions
are to be found on lines 30 and 40 of the personal computer version of the program,
and should be keyed in to this version with line numbers less than 10.

Programma'blc calculators generally provide for recording programs so that they
may be re-loaded without keying the instruction sequence. The user may find that a
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label, title, or some other identification is then required at the head of the
program. This may be added as statement number 1, if required.

At line 158 in the program is the single command BEEP. On some machines this
produces audible tones. It was included at that point in the program to signal
that a lengthy computation has been completed for the Moon; thus it allows the user
to divert his attention for a time. The statement may be removed if the feature is
not available or not wanted.

A printer connected to the calculator, or integrated, is a definite asset.
The program may be modified to direct output to a printer by replacing all PRINT
commands, (which usually only display output) if necessary, with whatever commands
arc necessary to produce actual printing. Examples include PRINT# and LPRINT. It
may be possible, as an alternative, to issu¢ a command which redefines the output
device. One example of this is the statement PRINT=LPRINT which is required at
some¢ point in the program prior to the first PRINT command. It can be inserted in
this program by assigning it using a line number less than 10. The user must not
make any of the changes described before reading the requirements of the specific
machine-interpreter configuration. The examples cited are not general or standard
options.

Program cxecution may be re-directed to a limited degree. As provided here,
the flow reflects certain ideas concerning probable usage. Other modes may be more
convenient for some applications. Statement 82 may be altered to read GOTO 28, for
entering a time of day. Statement 116 may be changed to read GOTO 18, for entering
a new sct of geographic coordinates and date. At least onc of the statements
should transfer to statement 18 for purposes of reinitializing.

3. Other changes

Relative to current programmable calculators, this is a large program.
Changes other than those described in the preceding paragraph should be made with
caution. Although some other changes could be made, it is possible that memory
would be exceeded. Also, several variables are multiply-defined and certain
computational sequences may not be disturbed or their results will be false. In
the worst case, the end results (output) may appear reasonable.

4. Opecration

Some devices are capable of operation with other than decimal numbers and, or,
with angles in radians or grads. Decimal and degree modes must be specified before
using this program.

Once the program has been implemented, operation should proceed interactively,
with prompting by key words and phrases prcvided. Of necessity, abbreviations are
used for prompting.

Figure 4 illustrates what is typically to be expected from the calculator
version of the program. Two characteristics may be noted. For input to the
program, no decimal points were used; the calculator is indifferent in this regard.

34




In the output, the times of events include decimal points, although not needed.
The calculator assumes all numbers should have a decimal point. This should not
trouble the user. The second characteristic is the appearance of a possibly
unfamiliar notation for values of the illuminance. T*ris form of writing a number
is known as scientific notation, exponential form, or as power of 10 notation.

The illuuiinance can vary through the course of a day by a factor of 100 million,
yet calculated values may only contain one or two significant digits. Scientific
notation is an appropriate way to represent the numbers and is, in fact, almost
unavoidable. Any user who is unfamiliar with this notation can usually find it
described fully in the.literature which is supplied with the calculator.

LONG=-77
LAT=39 [
YEAR=1986

MONTH=9

DAY=13
UT=0,STD=1,LMT=2
1

HOUR=1955
SKY=1,2,3,10?1
SUN AZ. 291.
SUN ALT. -19.

SUN ILL. 2.7E-06
MOON AZ.  169.
MOON ALT.  24.
MOON ILL2.0E-02 {
%MOON ILL.  79.
TOT.ILL 2.1E-02
HOUR=-3

SUNMP. 1204
ALTATMP 55

SUNRISE  547. |
SUNSET  1820. |
DAYLIGHT 1233,

BEG. C.T. 520.
ENDC.T. 1847.
BEG. N.T. 449,
ENDN.T. 1918.
MOON M.P.  2039.

ALT AT MP 25.

MOONRISE  1603.
MOONSET 8.

Figure 4 -- Interactive Input. Output ( programmable calculator).
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

The BASIC Routine for Programmable Calculator

DIM A(4)

DIM B(2)

A(1)==.01454

A(2)=-.10453

A(3)==.20791

A(4)=.00233

CE=.91775

SE=.39715

INPUT"LONG=";LO, "LAT=";F,"YEAR="; Y, "MONTH=";M, "DAY=";D
C=360

L=ABS LO

SI=SIN F

CI=COS F

J=367*Y=INT(7* (Y+INT((M+9)/12))/4)+INT(275*M/9)+D=-730531
INPUT"UT=0,STD=1,LMT=2",2
DT=0

IF Z=0 LET DT=-LO/C

IF 2=1 LET DT==(L=-15*INT((L+7.5)/15))/C*SGN LO
INPUT"HOUR=";H

Z=J=.5

IF H>0 GOTO 83

FOR L=1 TO 4

ON L GOTO 34,61,61,33
Cc=347.81

M=,5+DT

FOR K=1 TO 6

M=M-DT

E=M-L0O/360

GOSUB 40

GOTO S0

D=Z+E

IF ABS E >=1 LET E=E-SGN E
GOSUB 118

IF L=4 GOSUB 168
T=T+LO+360*E
T=T=INT(T/360)*360

U=T-AS

IF ABS U >180 LET U=U=360*SGN U
U=u/C

RETURN

M=M=U+DT

IF L<4 LET K=K+1

ON X GoTO 57,53,57,55,57,58
IF M>=0 AND M<1 GOTO 58
GOTO 56

IF M>=0 GOTO 58

M=M=SGN M

NEXT X

H=ASN(COS(F=DS))

IF L=4 LET H=H-.95%COS H
GOSUB 208

GOSUB 192




62 B(1)=M=-H

63 B(2)=M+H

64 FOR I=1 TO 2

65 K=2%I=3

66 FOR N=1 TO 6

67 B(I)=B(I)=DT

68 E=B(I)-L0O/360

69 GOSUB 40

70 GOSUB 192

71 B(I)=B(I)+K*H=U+DT

72 IF L<4 LET N=N+1

73 ON N GOTO 78,74,78,76,78,79
74 IF B(I)>=0 AND B(I)<1 GOTO 79
75 GoTO 77

76 IF B(I)>=0 GOTO 79

77 B(I)=B(I)=SGN B(I)

78 NEXT N

79 NEXT I

80 ON L GOSUB 130,135,135, 156
81 NEXT L

82 GOTO 18

83 INPUT"SKY=1,2,3,102?2"%;SK
84 PRINT"AT “;H;" HOURS"

85 E=DEG(H/100)/24-DT-L0O/360
86 D=Z+E

87 N=1

88 GOSUB 118

89 T=T+360*E+LO

90 IF N=2 GOSUB 168

91 H=T=AS

92 GOSUB 198

93 2=H

94 H=H=.95*(N=1)*COS H

95 GOSUB 208

96 GOSUB 212

97 HA=INT(ABS HA+.5)*SGN HA
98 ON N GOTO 99,105

99 1=133775.*M/SK

100 PRINT"SUN AZ.",AZ

101 PRINT"SUN ALT.",HA

102 PRINT"SUN ILL.",I

103 N=2

104 GOTO 90

105 E=ACS(COS(V=-LS)*CB)

106 P=.892*EXF({~3.343/((TAN(E/2))A.632))+.0344*(SIN E-E/57.29578*COSE)
107 P=.418*P/(1-.005*COS E-.03*SIN Z )
108 L=P*M/SK

109 I=I+L+.0005/SK

110 PRINT"MOON AZ.",AZ

111 PRINT"MOON ALT.",HA

112 PRINT"MOON ILL.",L

113 L=INT(50*(1-COS E)+.5)
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114 PRINT"S MOON ILL.",L
115 PRINT"TOT.ILL.",I
116 GOTO 28

117 END

118 T=280.46+.98565*D
119 T=T-INT(T/360)*360
120 IF T<0 LET T=T+360
121 G=SIN(357.5+.9856*D)
122 LS=T+1.91%G

123 AS=ATN(CE*TAN LS)
124 Y=COS LS

125 IF Y<0 LET AS~aS+180
126 SD=SE*SIN LS

127 DS=ASN SD

128 T=T-180

129 RETURN

130 R=M

131 GOSUB 166

132 PRINT"SUN M.P.",R
133 HA=INT(ABS HA+.5)*SGN HA
134 PRINT"ALT AT MP“,HA
135 FOR I=1 TO 2

136 R=B(I)

137 GOSUB 166

138 IF R>=4800 OR R<0 GOTO 164
139 ON 2*(L-1)+I GOTO 140,142,148, 150,152,154, 161,163
140 PRINT"SUNRISE",R

141 GOTO 164

142 PRINT"SUNSET",R

143 R=B(2)-B(1)

144 IF R<0 LET R=R+1

145 GOSUB 166

146 PRINT"DAYLIGHT",R
147 GOTO 164

148 PRINT"BEG. C.T.",R
149 GOTO 164

150 PRINT"END C.T.",R
151 GOTO 164

152 PRINT"BEG. N.T.",R
153 GOTO 164

154 PRINT"END N.T.",R
155 GOTO 164

156 R=M

157 GOSUB 166

158 BEEP 3

159 PRINT"MOON M.P.",R
160 GOTO 133

161 PRINT"MOONRISE",R
152 GOTO 164

163 PRINT"MOONSET",R
104 NEXT 1

165 RETURN
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166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
1990
191
792
193
194
195
1¢5
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217

R=INT ( 100*DMS (R*24)+.7)
RETURN

v=218.32+13.1764*D

V=vV-INT(V/360)*360

IF V<0 LET V=V+360
¥=134.96+13.06499*D
=93,27+13.22935*D

W=235,7+24.3815*D
SB=SIN Y

CB=20S Y

X=SIN O

§=C0S O

SD=SIN W

CD=COS W

V=V+(6.29-1,27*CD+.43*CB) *SB+( .66+1.27*CB) *SD~. 19*G-.23*X*S
Y=(5,13~.17*CD)*X+(.56*SB+,17*SD)*S
SV=SIN V

SB=SIN Y

CB=COS Y

Q=CB*COS V
P=CT“SV*CB-SE*SB
SD=SE*SV*CB+CE*SB
AS=ATN(P/Q)

IF <0 LET AS=AS+180
DS=ASN SD

RETURN
H=(A(L)=SI*SD)/(CI*COS DS)
IF ABS H>1 GOTO 196
H=(ACS H)/C

RETURN

H=i.5

RETURN

CD=COS DS

CS=COS H
Q=SD*CI-CD*SI*CS
P=~CD*SIN H

AZ=ATN(P/Q)

IF Q<0 LET AZ=AZ+180

IF AZ<0 LET AZ=AZ+360
AZ=INT(AZ+.5)
H=ASN(SD*SI+CD*CI*CS)
RETURN

HA=H

IF H<(=5/6) GOTO 211
HASH+1/(TAN(H+8.6/(H+4.42)))/60
RETURN

UsSIN HA

X=753.65156

S®ASN (X*COS(HA)/(X+1))
M=X* (COS S-U)+COS S
H-BXP(-.21*M)*U*.0289*BXP(-.042*H)'(1+(HA+90)*U/57.29578)
RETURN
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SECTION I1I
Contingent Tables and Diagrams

As the heading suggests, the tables and diagrams are for use when a computing
device is not available. For the Sun, all of the data provided by the computer
routines arc also available from the tables and diagrams. Tables required for
manual calculation of the Moon’s positions and phenomena are not provided, since
they would be numerous and complex. Graphs of lunar illuminance are included
should the altitude and phase be available from other sources. Otherwise, the
graphs wili provide only an indication of available moonlight, based on whatever
information concerning Moon visibility is at hand.

The terminology and descriptions found in Section I are relevant to the
methods described in this section and are not repeated. Declination is a term not
described.in Section 1. It is one of the coordinates used to specify the position
of an object on the celestial sphere, in a manner analogous to latitude on the
Earth. Since the Sun’s declination is used here only to determine other
quantities, it can be considered as an intermediate quantity, and a full
description or visualization of it is not strictly necessary.

These tables and diagrams are not new; variations have appeared in handbooks
and other literature in the past. Many of those publications are no longer
available. Moreover, many were less extensive and more complicated to use
correctly. These tables and diagrams are complete and, it is hoped, niore direct.
Nevertheless, at extreme latitudes, it is to be expected that they will produce
times of rising, setting and twilight which may compare poorly to more refined
calculations and to the times of the actual events. The altitude, azimuth diagrams
for such latitudes demonstrate that the Sun’s path will approach and cross the
horizon slowly and at shallow angles during certain times of the year.
Meteorological conditions, rarely nominal in those regions, cause wide variations
in refraction, which in turn combines almost directly with the geometry of the
situation to produce significant differences between calculated and observed
events.

Description of the tables and dlagrams:

Table 1 -- Sun Meridian Passage Increment and Declination: For cach day of the
year, the table provides an adjustment (MP) which must be applied to Noon and to
all other event times to expross them in Local Mean Time. It also gives the Sun's
declination, for the date, which is required for the use of Table 2 or the

altitude, azimuth diagrams. The meridian passage increment is given to the nearest
minute and the Sun's declination to the nearest half-degree. The fractional degree
is provided for estimating times halfway between those given by Tavle 2, should the
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user desire. Ordinarily this will not be required. (At latitudes where the Sun

will rise or set and then remain above or below the horizon for long periods, the
declination column for Table 2 provides for direct entry to the nearest

half-degree). Following Table 1 are graphs showing MP and DEC which may be used in
place of Table 1, if desired.

Table 2: For the latitude of the location of interest, and for the Sun’s

declination from Table 1, Table 2 immediately provides the altitude of the Sun
above the horizon when it crosses the meridian (AL) and the length of the day (LD)
from sunrise to sunset. Table 2 also yields three quantities which are the core
times for the calculation of sunrise, sunset (R/S), and civil (CT) and nautical

(NT) twilight. The interval of latitude between 0 and 82 degrees is one degree
throughout. Declination is generally at a one degree interval, but there are
exceptions. The maximum solar declination is about 23.5 degrees and that value is
tabulated on every page of the table. Half-degree values of solar declination

near the condition which produces periods of continuous sunlight or darkness are
also included.

Table 3 -- Longitude, Time Ad justments: This table, entered with longitude,

provides adjustments which convert Local Mean Time to Universal Time (UT) or to
Zone Time (ZC), or conversely. The interval of longitude is one degree which
corresponds to the UT and ZC intervals of four minutes. The table may be
interpolated visuvally for fractions of a degree of longitude corresponding to

the nearest minute of time, if desired. In applying the adjustment from Mean Time
to Zone Time, if Daylight (Summer) Time is in effect, or if the legal time of a
place is not within the boundaries of the uniform system, the table may still be
used with an additional hour added or subtracted afterward, as dictatcd by the
circumstances.

Altitude, Azimuth Diagrams: These are 33 diagrams which transform a time of day
and solar declination into altitude and azimuth referred to the geographic position
of interest. The diagrams are drawn for whole multiples of five degrees of
latitude and marked with offsets which make them useful for any latitude, from the
equator to 82 degrees North and South. Cardinal directivas are indicated. On the
diagrams, lines extending North to South (the meridian) are intersected by lines
from East to West at the origin, which point corresponds to the latitude printed at
the top of the page in large type. Above and below the origin are short line
segments representing one and two degrees of latitude greater or less than that for
which to figure was drawn. These are used to recken altitudes and azimuths for
latitudes which are not multiples of five degrees. Azimuth is indicated for every
two degrees at the edge of the diagrams, but one degree resolution is casily
achieved by eye. The outermost circle (boundary) represents an altitude of six
degrees below the horizon and corresponds to civil twilight. The horizon circle is
drawn inside the twilight circle. On each diagram, there are curves representing
the path of the Sun from morning civil twilight through rise, meridian passage and
set, to evening civil twilight. The interval between these paths is two degrees of
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solar declination except for the limiting values of 23.5 degrees, which are also
shown. Curves representing every 10 degrees of declination are accented and
labelled. Time lines drawn at 10 minute intervals, with each hour accented,
intersect the declination curves. The time lines are labelled at an hourly
interval but, with the exception of the Noon line, only with two digits. At the
foot of each diagram is an altitude scale.

When the Sun is nearly overhead, at a specific location, the azimuth is
poorly determined by the diagrams. This approximates the real situation of
indeterminate azimuth when the Sun is in the zenith.

The diagrams can also be used inversely to obtain times and dates when the Sun
is at specific altitudes or azimuths.

Solar Illuminance Diagram: This single diagram gives the illuminance by the Sun
on a horizontal surface as a function of altitude. The scale of illuminance is
logarithmic. The altitude scale is expanded for solar altitude less than +10 deg.,
since the change in illuminance with altitude is greatest when the Sun is near the
horizon. Above 10 deg. altitude the change in illuminance is less dramatic, as far
as vision is concerned, and the exact amount of illuminance is less important for
practical concerns. Four curves are shown in the diagram. Each corresponds to a
sky condition, or factor, described in Section I and is indicated by the letter F
with numerical suffix to the right of the diagram.

Lunar Illuminance Diagrams: Four diagrams are provided, cach corresponding to a
condition of the sky as described in Section 1. Each diagram shows illuminance on
a horizontal surface as a function of altitude. But the illuminance by the Moon
also depends upon its phase. Phase is a continuous function of the angular
separation of the Moon from the Sun (elongation), and for quantitative purposes it
is better represented by the percent of the Moon illuminated than by the
traditional, restrictive terms Quarter, Full, etc. At the right of each diagram,
therefore, the illuminance curves are designated by percent illuminated and by
corresponding values of the elongation. Values of the percent of the Moon
illuminated must be taken from other sources. The Air Almanac, for example,
gives the quantity in tabular format at semi-daily interval.

Figure 5 shows an altitude, azimuth diagram for an actual location which has
an obstructed horizon. The shaded area was determined by crude measurements of
altitudes and azimuths of the obstructions which included trees and buildings on
rolling landscape. For example, the spike at azimuth 155 deg. is a tower
supporting environmental sensors; at azimuth 350 deg. is a church tower. The
profile of the shaded area was faired by hand, since the particular application of
the diagram was not critical. The shading suggests collateral uses for the
diagrams, as well as the obvious applications in which the availability of direct
sunlight is a factor. It should also amplify the significance of the assumptions
made in determining illuminance by calculation or graphically. In Figure §, for
example, it is scen that when the Sun’s azimuth is greater than 212 deg. while its
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altitude is less than 12 deg., there is no direct sunlight. The actual illuminance
would be considerably less than predicted, for the circumstances. Also, less

; (indirect) skylight would be available at any time, since not all of the sky is
visible at the location. On the other hand, both natural and manmade obstructions
reflect various amounts of incident light, so that it is ~ot generally possibie to
estimate the attenuated light level from the geometry of the figure only. The safe
interpretation of illuminance figures, therefore, is to postulate that they are the
maximum possible amounts. This may be adequate to determine whether certain
activitics arc possible without artificial lighting or aided vision.
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Figure 5 -- Altitude, Azimuth Diagram showing obstructed horizon.
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Instructlons for calculatlon of events using the tables:

Obtain and record the geographic coordinates to the nearest degree
of latitude and longitude for the location of interest. Label the
latitude with N or S according to whether the location is North or
South of the equator. Label the longitude E or W according to
whether the location is East or West of the prime meridian.

Enter Table 1 (page 50) at the month (column) and day of the month (row).
Take out the quantity MP with its positive (+) or negative (-)

sign, and DEC with its prefix N or S. Write MP with its sign

under the number 1200 and perform the indicated operation of

addition or subtraction. Record the result as the Local Mean Time

of the Sun's meridian passage.

. Open Table 2 (page 52) at the latitude. Two tables will be found on each

page. If the latitude and DEC are both N or both S, use the

table headed "Latitude and Declination SAME." If the latitude and
DEC are not both N or both S use the table labelled "Latitude and
Declination OPPOSITE." In the column under the numerical value of
the latitude and at the row indicated by the numerical value of
declination, take out and record the quantities AL, LD, R/S,CT,

NT. The quantity AL is the altitude of the Sun at the time of its
meridian passage (crossing), LD is the length of the day (number

of hours of daylight) from sunrise until sunset.

Write MP with its sign under the quantities R/S, CT, NT and
perform the indicated operation (addition or subtraction). The
results are the Local Mean Times of sunrise and beginning morning
civil and nautical twilight respectively.

Add LD to the LMT of sunrise. The result is the LMT of sunset.

Subtract the quantities CT and NT, as given by Table 2, from 24
hours. This is accomplished more readily by subtracting each from the
equivalent quantity 2360.

Write MP with its sign under each result found by step 6. Perform
the indicated operation (addition or subtraction). The results are
the Local Mean Times for the end of evening civil and nautical
twilight.

Turn to Table 3 (page 69). Identify the column and row containing the
longitude, under the heading Lo. If zone (standard) time is required,
continue at step 10.

If Universal Time is required, take from Table 3 the UT adjustment
found in the same column at the same row 2s the longitude.
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9a. If the longitude is West (W) of the prime meridian, add the UT
adjustment to the Local Mean Times of the Sun’s meridian passage,
sunrise, sunset and the beginning and ending times of civil and
nautical twilight. The events are now expressed in Universal Time.
Continue at step 11.

9b. If the longitude is East (E) of the prime meridian, subtract the
UT adjustment frem the Local Mean Times of the Sun’s meridian passage,
sunrise, sunset and the beginning and ending times of civil and
nautical twilight. The events are now expressed in Universal Time.
Continue at step 11.

10. To express the times of events in zone (standard) time, find the
quantity ZC (zone adjustment) in the last column of Table 3 on the
same¢ row as the longitude.

10a. If the longitude is West of the nearest standard meridian (center
of the zone), add the ZC adjustment to the Local Mean Times of the
Sun’s meridian passage, sunris¢, sunsct and the beginning and ending
times of civil and nautical twilight. Continue at step 11.

10b. If the longitude is East of the necarest standard meridian (center
of the zone), subtract the ZC adjustment from the Local Mean Times of
the Sun’s meridian passage, sunrise, sunset and the beginning and
ending times of civil and nautical twilight.

11. Do not apply the UT or ZC adjustments to the length of the day.
After applying the adjustment to the specified events:

11a. If the time of any event is greater than 2400, subtract 2400 from
the time AND increase the date by one day. This completes the
calculation.

I1b. If the time of any event is less than 0000, add 2400 to the time
AND decrease the date by one day. This completes the calculation.

Two examples illustrating the use of the tables are given on the next page.
The first is straightforward. The second includes the use of visual interpolation
in Table 2 (not a requirement) and involves an addition to the date. For both
examples, all information required to begin the calculations is stated on the first
line, and all events have been computed. The latter is rarely required in
practice. The examples might be read in conjunction with the instructions, for

better comprehension of both. It is recommended that the user adopt a work form

for calculation; it should reduce the possibility for error. The form used for the
examples is intended to be suggestive only.
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Date: 17 Nov.,

Table 1: MP= -15
Table 2: (OPPOSITE),

Latitude: N13,

EXAMPLE 1

DEC= S19
AL= 58deg., LD= 1131, R/S= 0615, CT= 0552, NT= 0526

Longitude: E145,

Event Times: Zone

Table 3: (Zone Time adjustment to 150th meridian) ZC= 20

1200
MP -15
Merid. Pass. 1145 LMT

R/S 0615

MP _-15
Sunrise 0600 LMT

LD 1131
Sunset 1731 IMT

Local Mean Time 1145

CT 0552
MP -15
Beg. Civ. Twi. 0537 LMT

(24 hours) 2360
CT -0552
1808
Mp _-15
End Civ. Twi. 1753 IMT

M.P. Rise Set BCT
0600 1731 0537
+20 +20 +20

ZC (adjustment) _+20

Zone time 1205

0620 1751 0557

NT 0526
MP =15
Beg. Naut. Twi. 0511 LMT

(24 hours) 2360

NT -0526

1834

MP -15
End Naut. Twi. 1819 LMT
ECT BNT ENT
1753 0511 1819
_+20 +20 +20

1813 0531 1839

Date: 3 Feb.,

Table 1: MP= +14,

Latitude: S59,

EXAMPLE 2

DEC= S16.5

Longitude: W55,

Event Times: Universal

Table 2: (SAME), AL=47.5kdeg., LD= 1612%, R/S= 0354%, CT= 0300%, NT=0136*
Table 3: (Universal Time adjustment) UT= 0340

1200

MP _+14
Merid. Pass. 1214 LMT

R/S 0354%

MP _+14
Sunrise 0408 LMT

LD 1612%
Sunset 2020 LMT

M.P.
Local Mean Time 1214
UT (adjustment) +0340
U.T., 3 Feb. 1554

U.T., & Feb.

CT 0300*

MP _+14
g. Civ. Twi. 0314 IMT

(24 hours) 2360
CT -Q300*
2100
MP _+14
End Civ. Twi. 2114 LMT

Rise Set BCT
0408 2020 0314
+0340 +0340 +0340
0748 2400 0654

NT 0136*%

MP _+14
Beg. Naut. Twi. 0150 LMT

(24 hours) 2360
NT -QL36*
2224
MP 414
End Naut. Twi. 2238 LMT

ECT BNT ENT
2114 0150 2238
+0340 +0340 +0340
2454 0530 2618

-2400 -2400
0054 0218

* Interpolated from Table 2 by inspection with DEC= 16.5.
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Instructions for calculation of the Sun’s altitude, azlmuth and llluminance:

1. Obtain and record the geographic coordinates to the nearest degree
of latitude and longitude for the location of interest. Label the
latitude with N or S according to whether the location is in the
northern or southern hemisphere. Label the longitude E or W according
to whether the location is East or West of the prime meridian,

2. Enter Table 3 (page 69). Identify the column and row containing the
longitude, under the heading Lo. If the time of day is given in Zone
(Standard) Time, proceed at Step 3. If the time of day is given in
Universal Time, take from Table 3 the UT adjustment found in the same
column at the same row as the longitude.

2a. If the longitude is West of thc prime meridian, subtract the UT
adjustment from the given time of day. Continue at step 4.

2b. If the longitude is East of the prime meridian, add the UT
adjustment to the given time of day. Continue at step 4.

3. To convert Zone Time, find the ZC adjustment in the last column of
Table 3 on the same row as the longitude.

3a. If the longitude is West of the ncarest standard meridian,
subtract the ZC adjustment from the given time of day. Continue at
step 4.

3b. If the longitude is East of the nearest standard meridian, add the
ZC adjustment to the given time of day.

4. Enter Table | (page 50) with the month (column) and day of the month
(row). Take out the MP increment and write it under the Local Mean
Time found by step 2 or step 3 but with its sign changed (plus to
minus or minus to plus), unless the value of MP is zero. Perform the
indicated operation of combining MP with LMT to produce the reference
times for the altitude, azimuth diagram. Also take the declination &f
the Sun (DEC) from Table 1.

5. Dete.mine which multiple of five degrees, North or South, is nearest
to the given latitude and open the diagram pages (page 70) at that
latitude. To prevent deterioration through repeated use, working
copies of the page should be made so that notes and azimuth (bearing)
lines can be placed on the copies.

6. Near the edge of the diagram locate the Sun’s declination curve
which corresponds most nearly to the value of DEC taken from Table 1.
Follow the declination curve to the time line which corresponds most
nearly to the reference time found by step 4. Mark the intersection
of the reference time line and the declination curve on the diagram.
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7.

10.

Locate the origin for the given latitude on the diagram. If the

given latitude is one or two degrees South of the latitude for which
the diagram is drawn, the offset origin will be found at the first or
second lin¢ segment below the East-West line. If the given latitude
is one or two degrees North of the diagram latitude, the offset origin
will be at the first or second line segment above the East-West line.

Place a ruler or straightedge on the diagram is such a way as to
connect the latitude origin and the Sun’s position determined in step
6. The straightedge or ruler should then intersect the graduated
outer circle of the diagram where the azimuth is read immediately.

Mark the straightedge or ruler where it meets the origin for the

given latitude and where it mects the Sun’s indicated position (step 6).
Place the straightedge parallel to the altitude scale at the bottom of the
diagram so that one¢ of the marks coincides with the point designated
90. The other mark then gives the point on the scale at which the
Sun’s altitude is read. Dividers may also be used to find the

altitude.

Referring to the Solar Illuminance Diagram (page 103), locate the Sun’s
altitude, found above, on the horizontal scale. The appropriate
illuminance curve is selected by estimating the cloud cover according
to the criteria given in Section 1. The illuminance is then read from
the vertical scale of the diagram.

Two examples are given to illustrate the use of an altitude, azimuth diagram,

both for the J-cation 37 deg. North and 122 deg. West, under clear skies.

Example 3: To find the azimuth, altitude and solar illuminance on 1S March at
0927 (Pgcific) Standard Time.

Example 4: To find the azimuth, altitude and solar illuminance on 6 October
at 0121 Universal Time.

The calculations and results are summarized on the next page, which also shows

the corresponding diagram with azimuth lines drawn. Example 3 is a straightforward
application of the instructions. In plotting the position of the Sun for Example 4
however, the declination and reference time indicate a point midway between grid
lines, and visual interpolation was used to locate the point. Also, it should be

noted that, for the given longitude, the conversion from Universal to Local Mean
Time necessitates a change to the date.
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EXAMPLE 3
Date: 15 Mar., Lat: N37, Long: W122
Sky: clear
Table 3: (Zone Time) ZC= 08
Table 1: MP= +09,; DEC= S 2
Zone Time 0927
2C (adjustment) _-o8
IMT 0919
MP (opposite sign) _-09
Reference time 0910 (for diagram)
Diagram: Azimuth = 124 deg.
Altitude = +34 deg.
Graph: (F1l) Illuminance = 60,000 lux

EXAMPLE 4
Date: 6 Oct., Lat: N37, Long: W122
Sky: clear
Table 3: (Universal Time) UT= 0808
Tatle 1: MP= -12, DEC= S 5
Universal Time 0121
UT (adjustment) -0808
5 Oct., LMT 1713 °
MP (opposite sign) _+12
Reference time 1725 (for diagram)
Diagram: Azimuth = 260 deg.
Altitude = + 4 deg.
Graph: (Fl) Illuminance = 4000 lux

o)
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MINUTES

+20

*15

+10

+5

-20

Table 1 -- Sun Meridian Passage Increment

and Declination

Jan. Feb. Mar. Apr. May June
DAY | WP DEC | WP DEC- | MP DEC | MP DEC | MP DEC | MP DEC
m Q m (] m o] m o] m o] m Q
1] +03 $23.0 | +13 $17.0.] +12 S 7.5 | +04 N 4.5 | -03 N15.0 | -02 N22.0
2| +04 $23.0 | +14 S17.0 | +12 S 7.0 | +04 N 5.0 | -03 N15.5 | -02 N22.0
3| +04 $23.0 | 414 S16.5 | +12 s 6.5 | +03 N 5.5 | -03 NI5.5 | -02 N22.5
4 | +05 S22.5 | +14 $16.0 | +12 $ 6.5 | +03 N 6.0 | -03 N16.0 | -02 N22.5
5| +05 $22.5 | +14 $16.0 | +11 S 6.0 | +03 N 6.0 | -03 N16.5 | -01 N22.5
6 | *06 S22.5 | +14 S15.5 | +11 §5.5 | +02 N 6.5 | -03 N16.5 | -01 N22.5
71 +06 S22.5 | +14 Si5.5 | +11 §5.0 ] +02 N 7.0 | -03 N17.0 | -01 N22.5
8 ) +07 $22.0 | +14 S15.0 | 411 S5.0 | +02 N 7.5 | -03 N17.0 | -01 N23.0
Q] 407 s22.0 | 414 S14.5 | +10 S$4.5 | +02 N 7.5 | -03 N17.5 { -01 N23.0
10 | +07 S22.0 | +14 S14.5 | +10 S 4.0 ] +01 N 8.0 | -04 N17 5 | -0 N23.0
11 | +08 $22.0 | +14 S14.0 | +10 S 3.5 | +01 N 8.5 | -04 N18.0 00 N23.0
12 | +08 S21.5 { +14 S$13.5 | +10 S 3.0 | +01 N 8.5 | -04 H18.0 00 N23.0
# +09 S21.5 | +14 S$13.5 | +09 S 3.0 | +01 N 9.0 | -04 N18.S 00 N23.0
16 | +09 S21.5 | +14 S13.0 | +09 S 2.5 00 N 9.5 | -04 N18.5 00 N23.0
15 | +09 S21.0 | +14 S12.5 | +09 S 2.0 00 N10.0 | -04 N19.0 | +01 N23.5
16 | +10 $21.0 | +14 sS12.5 | +09 S 1.5 00 N10.0 | -04 N19.0 } +01 N23.5
17 § +10 S20.5 | +16 S12.0 | +08 S 1.5 00 N10.5 | -04 N19.5 | +01 N23.5
18 | +10 $20.5 | +14 sS11.5 1 +08 s 1.0 -01 N11.0 | -03 N19.5 | +01 N23.5
19 | +11 $20.5 | +14 S$11.5 | +08 S 0.5 | -01 N11.0 ]| -03 N20.0 | +01 N23.5
20 | +11 S20.0 | +14 S11.0 | +07 0.0 | -01 N11.5 | -03 N20.0 | +02 N23.5
21 | +11 $20.0 | +14 S10.5 | +07 N 0.5 | -01 N12.0 | -03 N20.0 | +02 N23.5
22 | +11 $19.5 | +13 s10.0 | +07 N 0.5 | -01 N12.5 | -03 N20.5 | +02 N23.5
23 | 412 $19.5 | #13 S10.0 | +07 N 1.0 | -02 N12.5 | -03 N20.5 | +02 N23.5
26 1 +12 $19.0 | +13 S$ 9.5 | +06 N 1.5 | -02 N13.0 | -03 N21.0 | +02 N23.5
25 | +12 $19.0 | +13 $9.0 | +06 N 2.0 | -02 N13.0 | -03 N21.0 | +03 N23.5
26 | +12 S18.5 | +13 §$ 8.5} +06 N 2.5 ] -02 N13.5 | -03 N21.0 | +03 N23.5
27 | +13 S18.5 | +13 S 8.5 | +05 N 2.5 | -02 N14.0 | -03 N21.5 | +03 N23.5
28 | +13 S18.0 | +12 $ 8.0 | +05 N 3.0 | -02 N14.0 | -03 N21.5 | +03 N23.0
29 1 +13 sS18.0 | +12 S 7.5 | +05 N 3.5 | -03 N14.5 ] -03 N21.5 | +03 N23.0
30 | +13 S17.5 +04 N 4.0 | -03 N15.0 | -02 N22.0 | +04 N23.0
31 | 413 s17.5 +04 N &4.O -02 N22.0
r'r"' L T8 171 T7P1TTT T 71 17T TiT1T1Tr TrirrTQrerrropreroy L BB L LA TroT Py
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Table 1 -- Sun Meridian Passage Increment

and Declination

51

July Aug. Sep. Oct. Nov. Dec.

DAY MP  DEC MP DEC MP  DEC MP  DEC MP DEC MP DEC

m [+] m (-] m [+ m [+ m (-] m [+

1] +04 N23.0 | +06 N18.0 | 00 N 8.0 | -10 s 3.5 | -16 s14.5 | -11 s22.0

2| +04 N23.0 | +06 N17.5 | 00 NB.0 ] -11 s3.5| -16 §15.0 | -10 $§22.0

3| +04 N23.0 | +06 N17.5 | -01 N 7.5] -11 §4.0| -16 S§15.0 | -10 $§22.0

4 | +04 N23.0 | +06 N17.0 | -O1 N7.0 | -11 S 4.5 | -16 S15.5 | -10 $22.0

5 | +05 N22.5 | +06 W17.0 | -01 N6.5| -12 §5.0 | -16 §15.5 | -09 $22.5

6| +05 w22.5 | +06 M16.5 | -02 N6.5) -12 §5.0 | -16 §16.0 | -09 §22.5

7| 405 N22.5 | +06 N16.5 | -02 N 6.0 | -12 §5.5 | -16 S§16.5 | -08 S§22.5

8 | +05 N22.5 | +06 N16.0 | -02 N 5.5 | -12 s 6.0| -16 s16.5 | -08 s22.5

9| +05 N22.5 | +05 N16.0 | -03 N 5.0 | -13 5 6.5 | -16 §17.0 | -08 $23.0

10 | +05 N22.0 | +05 N15.5 | -03 N 5.0 | -13 S 6.5 | -16 s17.0 | -07 $23.0

11 | +05 N22.0 | +05 wN15.0 | -03 N 4.5 | -13 §7.0 | -16 s17.5 | -07 s23.0

12 | +06 WN22.0 | +05 N15.0 | -04 N 4.0 | -13 § 7.5 | -16 §17.5 { -06 $23.0

13 ] +06 N22.0 | +05 N14.5 ) -04 N 3.5 | -14 S 8.0 | -164 s18.0 | -06 $23.0

14 | +06 N21.5 | +05 N14.5 | -046 N35{ -14 s8.0 | -15 s18.5 | -05 s23.0

15 | +06 N21.5 | +04 N14.0 | <05 N 3.0 | -14 s 8.5 -15 s18.5 | -05 s23.0

16 | +06 N21.5 | +04 WN13.5 | -05 w2.5| -4 $9.0] -15 $19.0 | -04 s23.5

17 | +06 N21.0 | +04 N13.5 | <06 N 2.0 -15 s 9.5 ] -15 $19.0 | -04 $23.5

18 | +06 N21.0 | +04 N13.0 | <06 N 2.0 ] -15 §$9.5 | -15 $19.0 | -03 s23.5

19 | +06 N21.0 | +04 N12.5 | -06 N 1.5 | -15 §10.0 | -14 $19.5 | -03 $23.5

20 | +06 N20.5 | +03 N12.5 | -07 N 1.0 | -15 §10.5 | -14 S§19.5 | -02 s23.5

21 | +06 N20.5 | +03 N12.0 | -07 W 0.5 | -15 s11.0 | -14 $20.0 | -02 $23.5

22 | +06 N20.0 | +03- N11.5 | <07 0.0 | -15 $11.0 | -14 $20.0 | -01 $23.5

23 | +06 N20.0 | +03 N11.5 | -08 0.0 | -16 s11.5 ]| -13 s20.5 | -01 $23.5

24 | +06 N20.0 | +02 N11.0 | -08 s 0.5 | -16 §12.0 | -13 $20.5 | 00 $23.5

25 | +06 N19.5 | +02 N10.5 | -08 s 1.0 | -16 s12.0 | -13 s21.0 | 00 s23.5

26 | +06 N19.5 | 02 w10.5 | -09 s 1.5 | -16 s12.5 | -13 s21.0 | +01 s23.5

27 | +06 N19.0 | +01 N10.0 } -09 S 1.5 | -16 S13.0 | -12 S21.0 | +01 s23.5

28 | +06 N19.0 | +01 N 9.5 | -09 s 2.0 | -16 §13.0 | -12 s21.5 | +02 $23.0

29 | +06 N18.5 | +01 N 9.5 ] -10 $ 2.5 | -16 $13.5 | -12 s21.5 | +02 s23.0

30 | +06 N18.5 | 401 N 9.0 | <10 § 3.0 | <16 s1.0 | -11 S21.5 | +03 s23.0

31| +06 N18.0 | 00 N 8.5 16 $16.0 | +03  523.0
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Latitude and Declination SAME

Table 2

Latitude and Declination OPPOSITE

LAT. 2 LAT. 1 LAT. O LAT. 1 LAT. 2
DEC [ AL LD R/S CT NT | AL LD R/S CT NT | AL LD R/S CT NT | AL LD R/S CT NT | AL LD R/S CT NT
[ o hm hmhmhm o hm hmhmhm o hm hmhmhm o hm hmhmhm o hm hmhmhm
0 88 1207 557 536 512 | 89 1207 557 536 512 | 90 1207 557 536 512 | 89 1207 557 536 512 | 88 1207 557 536 S12
1 89 1207 557 536 512 | 90 1207 557 536 512 | 89 1207 557 536 512 | 83 1207 557 536 512 | 87 1206 557 536 512
2 90 1207 556 536 512 | 89 1207 557 536 512 | 88 12C7 557 536 512 | 87 1206 557 536 512 | 86 1206 557 536 S12
3 89 1208 556 536 511 | 88 1207 556 536 512 | 87 1207 557 536 512 | 86 1206 557 536 512 | 85 1206 557 536 S12
4 88 1208 556 535 511 | 87 1207 556 536 512 | 86 1207 557 536 512 | 85 1206 557 536 512 | 84 1206 557 536 512
S 87 1208 556 535 511 | 86 1207 556 536 511 | 85 1207 557 536 512 | 84 1206 557 536 512 | 83 1205 557 537 S12
6 86 1208 556 535 S11 | 85 1208 556 535 511 | 84 1207 557 536 512 | 83 1206 557 536 512 | 82 1205 557 S37 S13
7 85 1209 556 535 511 | 84 1208 556 535 511 | 83 1207 557 536 512 | 82 1206 557 536 512 | 81 1205 558 S37 513
8 84 1209 556 535 510 | 83 1208 556 535 511 | & 1207 557 536 512 | 81 1206 557 536 512 | 80 1204 558 S37 S13
9 83 1209 555 534 510 | 82 1208 556 535 511 | 81 1207 557 536 511 | 80 1205 557 536 512 | 79 1204 558 S37 S13
10 82 1210 555 534 510 | 81 1208 556 535 511 | 80 1207 557 536 511 | 79 1205 557 536 512 | 78 1204 558 537 513
1 81 1210 555 534 509 | 80 1208 556 535 510 | 79 1207 557 536 511 | 78 1205 557 536 512 | 77 1204 558 537 513
12 B0 1210 555 534 509 | 79 1209 556 535 510 | 78 1207 557 535 511 | 77 1205 557 536 512 | 76 1203 SS8 537 513
13 79 1211 555 533 509 | 78 1209 556 534 510 | 77 1207 557 535 511 | 76 1205 558 536 512 | 75 7203 SS58 537 S13
14 78 1211 555 S33 508 | 77 1209 556 534 509 | 76 1207 557 535 511 | 75 1205 558 536 512 | 74 1203 559 S37 513
15 77 1211 554 533 508 | 76 1209 555 534 509 | 75 1207 557 535 510 | 74 1205 558 536 511 | 73 1203 559 S37 S12
16 76 1212 554 533 508 | 75 1209 555 534 509 | 764 1207 557 535 510 | 73 1205 553 536 511 | 72 1202 SS9 S37 S12
17 75 1212 554 532 507 | 74 1209 555 534 509 | 73 1207 557 535 510 | 72 1205 558 536 511 | 71 1202 559 S37 S12
18 74 1212 554 532 507 | 73 1210 555 533 508 | 72 1207 556 535 509 | 71 1204 558 536 511 | 70 1202 559 S37 512
19 73 1213 554 532 506 | 72 1210 555 532 508 | 71 1207 556 535 509 | 70 1204 558 536 S11 | 69 1202 559 S37 S12
20 72 1213 554 532 500 | 71 1210 555 533 507 | 70 1207 556 534 509 | 69 1204 558 536 510 | 68 1201 559 537 512
21 71 1213 553 531 505 | 70 121G 555 533 507 | 69 1207 556 534 509 | 48 1204 558 536 510 | 67 1201 559 S37 512
22 70 1214 553 531 505 | 69 1210 555 532 506 | 68 1207 556 534 508 | 67 1204 558 536 510 | 66 1201 600 S37 S11
23 69 1214 553 530 504 | 48 1211 555 532 506 | 67 1207 556 534 508 | 66 1204 S58 536 510 | 45 1200 600 537 S11
23.5] 69 1214 553 530 504 | 68 1211 555 532 506 | 67 1207 556 534 508 | &6 1204 558 536 509 | 65 1200 600 537 S1t |




Table 2, Latitude and Declination SAME

LAT. 3 LAT. 4 LAT. 5 LAT. 6 LAT. 7
DEC | AL LD R/S CT NT | AL LD R/S CT NT JAL LD R/S CT NT { AL LD R/S CT NT | AL LD R/S CT NT
o o hm hmhmhm o hm hmhmhm o hm hmhmham o hm hmhmhm o hm hmhmhnm
0 87 1267 557 536 512 | 86 1207 557 536 512 | 85 1207 557 536 512 | 84 1207 .57 536 512 | 83 1207 557 536 512
1 88 1207 556 536 512 | 87 1207 556 536 512 | 86 1207 556 536 511 | 85 1208 456 535 511 | 84 1208 556 535 511
2 89 1208 556 536 511 | 88 1208 556 535 511 | 87 1208 556 535 511 | 85 1208 556 535 € .1 | 85 1209 556 535 511
3 90 1208 556 535 511 | 89 1208 56 535 511 | 88 1209 556 535 511 | 87 1209 %55 535 510 | 86 1210 555 534 510
4 80 1208 556 535 511 | 90 1209 556 535 511 | 89 1210 555 534 510 | 88 1210 555 534 510 | 87 1211 555 534 509
5 88 1209 556 535 511 | 89 1210 555 534 510 | 90 1210 555 534 510 | 89 1211 555 534 509 | 88 1212 554 533 509
6 87 1209 555 535 510 | 88 1210 555 534 510 | 89 1211 555 534 509 | 90 1212 554 533 509 | 89 1213 554 533 508
7 86 1210 555 534 510 | 87 1211 555 534 509 | 88 1212 554 533 509 | 89 1213 554 533 508 | 90 1214 553 <32 508
8 85 1210 555 534 510 | 85 1211 554 533 509 | 87 1212 554 533 508 | 88 1214 553 532 508 | 89 1215 553 &2 507
9 84 1211 555 534 509 | 85 1212 554 533 509 | 86 1213 553 532 508 | 87 1214 553 532 507 | 88 1216 552 531 506
10 83 1211 554 533 509 | 84 1212 554 533 508 | B85 1214 553 532 507 | 86 1215 552 531 507 | 87 1217 552 530 506
1 82 1211 554 533 509 | 83 1213 553 532 508 | 84 1215 553 532 507 | 85 1216 552 531 506 | 86 1218 551 530 505
12 81 1212 554 533 508 | 82 1214 553 532 507 | 83 1215 552 531 506 | 84 1217 551 530 505 | 85 1219 551 529 504
13 80 1212 554 533 508 | 81 1214 553 532 507 | 82 1216 552 531 506 | 83 1218 551 530 505 | 84 1220 550 529 504
14 79 1213 554 532 507 | 80 1215 553 531 506 | 81 1217 552 530 505 | 82 1219 551 529 504 | 83 1221 550 528 503
15 78 1213 553 532 507 | 79 1216 552 531 506 | 80 1218 551 530 505 | 81 1220 550 529 503 | 82 1222 549 527 502
16 77 1294 553 532 506 ] 78 1216 552 530 505 | 79 1218 551 529 504 | 80 1221 550 528 503 | 81 1223 548 S27 501
17 76 1294 553 531 506 | 77 1217 552 530 505 | 78 1219 550 529 503 | 79 1222 549 527 502 | 80 1224 548 526 501
18 7S 1215 553 537 505 | 76 1217 551 529 504 | 77 1220 550 528 503 | 78 1223 549 527 501 | 79 1225 S47 525 500
19 76 1215 552 530 505 | 75 1218 551 529 503 | 76 1221 550 528 502 | 77 1224 548 526 500 | 78 1226 547 525 459
20 73 1216 552 530 504 | 74 1219 551 529 503 | 75 1222 549 527 S01 | 76 1225 548 525 500 | 77 1228 546 524 458
21 72 1216 552 530 504 | 73 1219 550 528 502 | 74 1223 549 526 S00 | 75 1226 547 525 459 | 76 1229 546 523 457
22 71 1217 552 529 503 | 72 1220 550 528 501 | 73 1223 548 526 500 | 74 1227 547 524 458 | 7S 1230 545 522 456
23 70 1217 551 529 502 | 71 1221 550 527 501 | 72 1224 548 525 459 | 73 1228 546 523 457 | 74 1231 544 522 455
23.5] 70 1218 551 529 502 | 71 221 549 527 500 | 72 1225 548 525 458 | 73 1228 546 523 456 | 74 1232 544 521 455
Latitude and Declination OPPOSITE
LAT. 3 LAT. 4 LAT. 5 LAT. 6 LAT. 7
DEC § AL LD R/S CT NT | AL LD R/S CT NT { AL LD R/S CT NT | AL LD R/S CT NV | AL LD R/S CT NT
[ ohm hmhmhm o hm hmhmhm o hm hmhmhnm o hm hmhmhm o hm hmhmhnm
0 87 1207 557 536 512 | 86 1207 557 536 512 | 85 1207 557 536 512 | 84 1207 557 535 512 | 83 1207<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>